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Abstract 
The transport system with the private car as the main mode of transport is unsustainable. 
Mobility-as-a-Service (MaaS) is a system that can improve the efficiency and sustainability of 
the transport system. MaaS in developing countries needs to be adjusted from the MaaS 
operations in developed countries for it to be successful.  
The objective of this research is to evaluate the potential userbase of different MaaS 
configurations in a developing country. This is achieved by first characterizing the 
characteristics of a potential global MaaS user from literature. The typical global MaaS user 
can be described as a young, educated and employed with a high income, who values reliability 
and quality service in the mode of transport. The potential userbase of MaaS is evaluated based 
on two perspectives, the perspective of the population and the perspective of the travel mode. 
Secondary data sources such as the National Household Travel Survey (NHTS) and the 
Community Survey (CS) was used to evaluate the potential userbase of different MaaS 
configurations in Gauteng. The penetration rate of MaaS was determined to be between 4% - 
5.36% of the general population, depending on which perspective was used. The results also 
showed that the penetration rate of social night trips was the highest, while workers contributed 
the majority of the trips and potential userbase. 
This research can assist potential operators, public entities and researchers with for marketing, 
policies, knowledge of transport in developing countries and analyzing the potential demand 
for MaaS in other countries. 
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Chapter 1 : Introduction 
1.1 Introduction 
Visualize the following scenario: You live in a city, but you do not need to own a car to go to 
work, school or the shops. You could start your journey by using a shared car that is stationed 
close to your home. You then stop at a designated parking spot at the train station, after which 
you take the train. When you climb off the train, you could take a shared bicycle or a taxi to 
reach your journey’s end. Now, imagine you could have used any combination of these 
transport modes without the need to book a taxi, have a bus or train ticket, checking the train 
schedule or owning a car but via an application on your smartphone. This concept is known as 
Mobility as a Service (MaaS) [1], [2], [3]. 
The core function of MaaS is to fulfill the mobility needs of users by offering flexible, reliable 
and seamless door-to-door transport options. MaaS has the benefit of being quicker or cheaper 
depending on the priority of the user [4], [5]. The user will also be having access to other 
services such as trip planning, reservations, and payments [6].  
MaaS is important as it has the potential to contribute towards several strategic goals to achieve 
integrated multi-modal transport systems. This is achieved by substituting the private vehicle 
with an alternative model, thereby changing the traditional car ownership paradigm [1], [2]. 
This will lead to a transport system that is more effective, efficient and reliable [5]. 
1.2 Background 
Urban areas in the world contain more than half of the world’s population and are responsible 
for 64% of all the traffic in the world. The traffic in urban areas is expected to triple by 2050. 
Vehicles are responsible for air and noise pollution. Pollution lowers the quality of life in cities 
that can lead to losses in economic efficiency and productivity [7].  The increases in traffic 
volumes along with the need to decrease greenhouse gas emission has driven the cause for a 
transport system that is sustainable [4]. 
The current transport system where users have private cars is unsustainable [4]. Traditional 
transport services such as buses are also not able to cover the demand effectively and affordably 
[8]. Sustainable public transport is defined as a transport system that meets the needs of the 
users and supports and promotes several other features such as economic development, 
stakeholder involvement, and environmental health [9].  
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One method to have a sustainable transport system is with mobility management. Mobility 
management does not physically alter the travel alternatives but alters the way people view 
these alternatives. Different factors influence whether people can use a certain transport mode 
and whether they want to use a certain transport mode. The latter is more affected by 
information, subjective preference and perception [10]. The need for sustainability has created 
mobility options such as car-sharing and peer-to-peer sharing and led to a change in car 
ownership models [2].  
The concept of MaaS is to combine public and private transport modes into one interface to 
have seamless trips to fulfill the mobility needs of the users [4]. Table 1 describes the various 
core characteristics of MaaS [1]. 
Table 1: Characteristics of MaaS [1] 
Characteristic Description 
Integration of 
transport modes 
Include different transport modes such as: public transport, taxis, busses, trains, car-
sharing, ride-sharing, bike-rental, car-rental, on demand services,  flights and ferries. 
Tariff option Mobility packages similar to phone contracts or “pay-as-you-go”. 
One platform A digital platform, i.e. a mobile app or web page. Platform will allow for trip 
planning, booking, payment, real-time information and other features such as a 
travel history report.  
Multiple actors There are several actors for a MaaS ecosystem. The main actors are the suppliers of 
transport services, the demanders of mobility and the platform owners.  
Use of technology MaaS will require several different technologies to be functional such as reliable 
mobile internet, Global Positioning System (GPS), several servers and more.  
Demand 
orientation 
MaaS offers transport solutions that best suits the needs of the user.  
Registration 
requirement 
Access to the different services can only be obtained by being registered to the 
specific platform. 
Personalization End-users will receive specific recommendations based on their usage. 
Customization The end-user will be able to customize the proposed trip to better suite their need. 
1.3 Problem statement 
MaaS is a relatively new concept as there is only a handful of implementations worldwide. The 
first MaaS scheme, UbiGo was demonstrated in Sweden in 2012. MaaS gained widespread 
publicity and several other MaaS schemes arose in the world. Some of the MaaS schemes are 
shown in Table 2 [1], [6]. The research from [1] also indicated that of the twelve schemes 
evaluated, 3 has ceased operations and 1 was cancelled even before operation began.  
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Table 2: MaaS Schemes [1], [6] 
MaaS Scheme  Location Status 
MaaS Australia Australia Operational 
Mobility 2.0 Services Palma, Spain Pilot - Ongoing 
SHIFT Las Vegas, USA Cancelled 
SkedGo New Zealand Operational 
SMILE Vienna, Austria Pilot - Ended 
TransitApp USA, UK, Canada, Europe, 
Australia 
Operational 
Tuup  Turku region Operational 
UbiGo Gothenburg, Sweden Operational 
Three areas of interest for future studies of MaaS is shown below [1]: 
a) Demand-side modelling such as: 
i. the potential uptake and willingness to pay for MaaS which focused on the 
potential market and the bundled options [2]; and 
ii. the stakeholders of MaaS and the user-perspective towards MaaS [6], [11] 
b) Supply-side modelling such as: 
i. whether community transport are willing to become mobility providers which 
focused on the role of public transport for the successful delivery of MaaS  [5]; 
and 
c) Governance and business model to match supply and demand such as: 
i. which governance will be able to support MaaS [12];  
ii. the benefits of MaaS  with regards to tourist demands [13];  
 
The socio-demographic factors that are needed for the growth of MaaS solutions are still 
unknown. While some researchers have focused on the socio-economics and travel behavior 
of users, a more detailed analysis is required [11]. There is also a lack of relevant behavioral 
data and models that can provide essential knowledge such as how MaaS will be adapted by 
users and how it will grow for new mobility opportunities [2]. Socio-demographics are 
important as mobility plans are tailored according to it [10]. Demand-responsive operations 
that have failed are mostly due to the incorrect type and size for the specific market [8] and 
therefore there is a research gap with regards to the knowledge of the socio-demographic 
elements for mobility operations [9] that can enable demand-side modelling for mobility 
services. 
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The main problem the research will address is the following: Understanding the potential user 
base for MaaS using the possible MaaS configurations that are available in a developing 
country. 
Since there is currently no MaaS implementations in South Africa, the study will investigate 
other mobility industry service providers in Gauteng.  
1.4 Research Objectives 
The objective of this research the following: To evaluate the potential userbase of different 
MaaS configurations in a developing country based on socio-demographic factors. 
1.5 Research Questions 
The following is the research questions that need to be addressed in the research: 
RQ1: What are the characteristics that describe a potential global MaaS user? 
RQ2: What are the possible trip configurations of MaaS in a developing country? 
1.6 Scope 
MaaS consist of several different modes of transport modes such as buses, taxis, demand-
responsive, ride-sharing and more. MaaS also consists of several other characteristics as 
showed in Table 1. This research will focus only on a few of the potential mobility industry 
suppliers and not all transport modes. The research will also only study the growth and trends 
of the socio-demographic data and selected mobility suppliers in Gauteng, South Africa. The 
core of the study will focus on analyzing the potential usage of MaaS in the context of a 
developing country. Supply-side analysis such as mean-time-to-arrival, fleet sizes, and the 
traffic network will be out of scope for this study. 
1.7 Research Design 
The research uses secondary data as research [14]. This study method is required to evaluate 
the potential userbase of different MaaS configuration in a developing country based on socio-
demographic factors. Firstly, a literature review will be conducted to obtain background 
information and supporting research with regards to MaaS, demand-responsive transport, and 
transport in South Africa. The literature review will provide socio-demographic factors that 
describe a potential MaaS user. Secondary data sources will be used to obtain the socio-
demographic landscape of Gauteng. Secondary data sources such as national household travel 
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surveys will be analyzed to evaluate the possible MaaS userbase for different MaaS 
configuration in Gauteng.  
1.8 Contributions 
The research will have implications for the management and governance of MaaS and other 
mobility products. It will implicate the marketing strategies of these operations because it can 
assist them with targeted marketing using socio-demographic data.  
The research will also contribute to scholarly knowledge in the field of transport planning and 
mobility. The research will also benefit the following entities [6]: 
a) Potential MaaS operators; 
b) MaaS stakeholders such as public transport and MaaS end-users; 
c) Current demand-responsive operations; 
d) MaaS operators and policy market; and 
e) Transport planners. 
1.9 Document Layout 
The document layout this paper follows is indicated in Figure 1.  
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Figure 1: Document Layout 
1.10  Conclusion 
The privately-owned vehicle is becoming a problem with today’s transport system. It causes 
congestion, accidents, and pollution. Mobility management is needed to address this 
unsustainable method of transport to provide a sustainable transport model. MaaS is a mobility 
solution that combined several different travel modes such as buses, taxis, trains, shared-cars 
and more, into one accessible platform. It aims to best serve the needs of the end-user and to 
provide a sustainable transport environment where there are less pollution and fewer accidents. 
MaaS will provide end-users an alternative to having a private vehicle. However, MaaS 
operations can fail if the incorrect configuration is chosen or it is implemented in an area where 
there are limited potential users.   
Having identified that MaaS can fail due to the reasons highlighted above, this research will 
attempt to solve this problem by analyzing the potential userbase for each type of MaaS 
configuration. To proceed with the analysis, barriers, and factors that can influence a potential 
Conclusion
Provides a final discussion that includes the evaluation and validation of the findings, shortcommings, 
recommendations, and the areas for future research. 
Results
Presents the results and analysis.
Research Design
Provides the detailed methodology that the research will follow in order to evaluate the potential userbase of 
different MaaS configurations
Literature Review
Provides a detailed literature review on the current knowledge there is about MaaS, the possible 
characteristics that can influence a MaaS user..
Introduction
Provides a brief introduction to MaaS as well as the objectives of the research
Chapter 1  Conclusion 
Page 7 
 
MaaS user needs to be acquired. The possible MaaS configuration in the Gauteng landscape 
also needs to be identified. A suitable method must be used to evaluate the results. Once the 
evaluation process is finished, this research can provide suitable recommendations for which 
type of MaaS configuration has the potential to succeed in the specified environment. 
In this chapter, the problem area and a potential solution has been identified. The potential 
value that the solution offers is also addressed. The chapter also explored several challenges 
for the specific solution. The following section explores the current knowledge to give a better 
understanding of the problem, challenges and the solution.  
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Chapter 2 : Literature Review 
2.1 Introduction 
Cities are the core of any nation. Cities contribute to accessibility, productivity and the 
economy. However, as cities become more populated and expand, congestion in cities becomes 
a major barrier for growth. The existing paradigm needs to be more flexible if the road network 
can become sustainable. Rethinking of mobility on long-distance and urban transport led to the 
identification of several mobility solutions to address the unsustainable system [14], [15]. 
The solution most cities used to use the predict-and-provide methodology to combat congestion 
by building new lanes and roads to expand the road network. The predict-and-provide mentality 
has been met with criticism from society and politicians as it is not sustainable in terms of the 
three-pillar sustainable model – the environment, economy and society [16], [17]. 
The aim of the chapter is first to provide relevant background information regarding MaaS 
from literature. The second aim of this chapter is to provide literature on the socio-demographic 
factors that describe a potential MaaS user as well as the demographic landscape of Gauteng 
that includes the population- and travel characteristics.  
2.2 Mobility as a Service 
2.2.1 Definition of MaaS 
To address the issue of sustainability, mobility management methods were implemented such 
as car-sharing schemes and tariff reductions of public transport systems to have a cultural 
change to car ownership [17], [19]. Mobility management with the use of technology has 
created the concept of MaaS as a new method for sustainable mobility [20]. 
MaaS is a single interface that combines different transport services such as ride-hailing, 
busses, taxis, trains, and e-biking in a single mobility package. The interface can also be used 
for trip-planning, bookings, and payments [3], [21]. Figure 2 shows a concept of a Flexible and 
Shared-Use Mobility Centre which is a type of integrated mobility solution. This concept has 
some key aspects which would also be used in MaaS such as: (i) integrating and connecting 
Chapter 2  Mobility as a Service 
Page 9 
 
different mobility services and public transport services; (ii) provide service to plan a trip from 
one platform; and (iii) provide real-time information [21]. 
   
Figure 2: A Flexible and Shared Use Mobility Centre concept [18] 
Figure 3 below shows the layout of a mobility system that was used for a corporate MaaS 
system [19]. The service consisted out of e-bikes, taxis, shuttle buses and commuter buses 
which are available on a digital platform on a mobile application. The operation was aimed at 
the employees in different buildings to commute in and around a large workspace. The service 
was used by approximately 25% of the employees. The study also highlighted the different 
roles of the different transport modes where taxis were used to get to location not covered by 
the shuttle bus service or the commuter bus service. The inclusion of an electric bike service 
provided employees with an improved flexibility. The study provided a successful 
implementation of a cooperate MaaS system, but also indicated the importance of the system 
to meet the expectation of the user. 
Services
•Resource availability
•Demand and supply matching
•Travel plans and orders
•Billing and payment
Intelligent Transport Services
•Monitoring 
•Dynamic carpool/ ride-shairing service 
apps
•Tracking and tracing
Real-time updates
•Parking availability
•Travel mode delays and statuses
•Real-time booking management
•Dynamic journey updates
Pre-trip services
•Travel and service information
•Pre-trip planning
•Bookings
•Tickets
Cloud Infrastructure
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Figure 3: A Corporate MaaS Mobility System [19] 
2.2.2 The purpose of MaaS 
The main purpose of MaaS is to focus on the needs of the user by offering them reliable and 
flexible transport options. MaaS can improve and use multiple transport modes such as ride-
hailing and public transport to be a more efficient method for travelling and delivering of goods 
and services. MaaS also has the potential to provide access to major urban spots and to reduce 
the dependence on private vehicles and reduce transport-emission thereby changing the way 
we live in cities [3], [6], [17], [19], [23], [24]. 
However, the main barrier to the success of MaaS is people's reliance on their private vehicles. 
The culture of private car ownership needs to change for MaaS to succeed and achieve its 
potential for a sustainable transport system. The end-user is, therefore, the most critical of all 
the relevant stakeholders [6], [17], [25]. 
The evolution of MaaS highlighted the importance of the perspective of the user. The key being 
that the user is at the top of the pyramid and the infrastructure and vehicles form the 
foundation. The interface between the user and the actual system is second on the list. This 
shows the importance of integrations between the sub-systems [26] in the MaaS ecosystem. 
2.2.3 The MaaS Ecosystem 
The MaaS ecosystem consists of several actors such as MaaS integrators, operators, and 
stakeholders. The public transport sector has been identified as an important actor for MaaS 
and will play an important role in the development of a MaaS system [20]. 
2.2.3.1 The role of Public Transport 
Public transport plays an important role in MaaS as it allows mobility options for a wider 
audience [4], [5]. The public transport system does, however, follow a model which is not 
Chapter 2  Mobility as a Service 
Page 11 
 
flexible and is not customer-focused. MaaS can improve the service levels of public transport 
as new real-time demand information can be exploited with integration with other transport 
modes, thereby reducing the modal share of the private vehicle [21]. The development of MaaS 
can have 3 types of development where the public sector has different roles. The three types of 
development scenarios is [22], [20]:  
a) Market-driven development is where the private sector acts as integrator and operator 
while the public sector acts only as an enabler; 
b) Public-driven development where the public sector is the driver and procures public the 
MaaS integrator and operator from the private sector. The public sector has control over 
MaaS organizations; and 
c) Public-private development is the midway point between market-driven and public-
driven developments. The role of the MaaS integrator belongs to the public sector while 
the role of the MaaS operator belongs to the private sector. 
2.2.3.2 The levels of integration for MaaS 
The research from [23] suggests viewing the taxonomy MaaS similar to that of the level of 
vehicle automation. This is achieved with integration levels of 0 to 5. The levels are described 
in Table 3. 
Table 3: Levels of Integration for MaaS [26], [28] 
Level  Description  
Level 0 The transport system is separate and not integrated. Services such as booking and 
payments are offered separately for each transport mode. 
Level 1 There is integration of information between different transport modes, but payment is 
still executed separately. 
Level 2 Some transactional integration, but still limited to certain transport modes. 
Level 3 Planning, booking, and payment can be performed on a single platform that allows travel 
on more than one transport mode. Limited door-to-door availability. Subscription 
bundles for multiple transport modes are available.  
 
Level 4 - 5 MaaS is able to provide a mobility system that can compete with the convenience of a 
private car. The societal goals such as user behavior incentives is also integrated.  
The levels indicate that MaaS can have offer different combinations of integration with regards 
to the operational, informational and transactional integration. The levels can also be 
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summarized into two types of integration, namely: Semi-integration (level 1 -2) and Full-
integration (level 3 – 5) [20]. 
Potential MaaS services need to know which level of integration will be suitable in the current 
environment and which level they are targeting. Other MaaS schemes have been identified in 
the research from [1]. A summary of the MaaS schemes and its configuration is shown below 
in Table 4 and shows that different MaaS configurations are used in different places. Table 4 
also indicates that public transport plays a key role in MaaS as it is present in the majority of 
MaaS schemes. This table also shows that different MaaS configurations are used in different 
places which highlight the socio-demographic dependency. 
Table 4: Different MaaS configurations [1] 
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TransitApp X X X X X           
Optymod X X    X  X        
Mobility 2.0 
Services 
X X  X            
SHIFT  X X X   X         
UbiGo X X X X     X       
Mobility 
Shop 
X  X X  X          
Smile X   X  X  X  X X X X   
Tuup X X X X   X X X     X  
My Cicero X   X  X  X       X 
Moovel X X X X  X       X   
Whim X X X X  X   X       
WienMobil 
Lab 
X X X X    X        
 
2.2.3.3 The benchmark for MaaS 
The potential userbase of existing MaaS schemes can be used as a benchmark to indicate the 
success of MaaS. There is limited information regarding the number users for the different 
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MaaS schemes in Table 4, therefore, information for the benchmark could also be obtained 
from some existing studies.  The corporate MaaS system was used by approximately 25% of 
the employees resulting in 25,000 trips per month. The is an indication of the potential userbase 
of MaaS if the system is implemented for a smaller demographic [19].  
In Sydney, a stated choice survey interviewed 252 individuals at shopping centers. The research 
had 200 valid responses, of which 47% indicated that they would subscribe to a MaaS plan. 
The sample represented the working population well and the respondents hailed from 
household with fewer cars and the travel behavior of the sample was also different of the 
population [2].  
Another study presented an online stated choice study in the Greater London area to understand 
which plan users prefer. 403 (37%) out of the 1068 respondents indicated they would purchase 
a MaaS subscription. The sample was representative of the wider London population with 
regards to age and gender but was over-representative for full-time employment and under-
represented students and employment status. There were also differences with regards to 
household income, ownership of vehicles and used of shared modes [10].   
Another study presented a post analysis of the Kutsuplus pilot. The survey that of the valid 
1419 respondents, 390 (27.5%) never used the service, 90 (6.3%) used but discontinued using 
the service, 939 (66.2%) used the service. Most of the respondents were former users as the 
web-based questionnaire was advertised on social media using specific tags and groups and 
was also email to Kutsuplus user accounts [11].  
The findings from these studies indicate that the potential benchmark for MaaS varies from 
one scheme to another. The demographics of the sample population was different from the 
demographics of the entire population. The benchmark for a penetration rate of MaaS is 
therefore difficult to assess since these studies focused more on the responses of the potential 
user than to assess the potential userbase. These results are therefore considered to be an 
overestimation of the potential userbase.  
2.3 MaaS User 
MaaS will influence changes in travel behavior and travel modes depending on the preferred 
travel choice and the satisfaction of the service of the end-user [24], [25]. The opinions and 
interest of the end-users on a MaaS service such as the motivation for user MaaS, the expected 
benefits, and the payment system are important for the success of  MaaS systems [6], [26]. 
Chapter 2  MaaS User 
Page 14 
 
The correct governance must be applied to the different levels of integration that MaaS can 
have [12]. Various models on the adoption of mobility systems focused more on the travel 
choice model [27] and not the identifications of the characteristics of a MaaS user. 
There are 5 different types of mobile users as described in [28]. The 5 types are: 
a) Traditional car-lovers; 
b) Flexible car-lovers; 
c) Urban-orientated public transport lovers; 
d) Ecological public transport- and bicycle-lovers; and 
e) Innovative technology-loving multi-optionals. 
The traditional car-lovers are the least likely to use mobility services because the privately-
owned car is the only transport mode they need. They have a below-average attitude towards 
the environment and mobility solutions. The innovating technology-loving multi-optionals are 
open to any form of transport and sensible to the environment. They are the most likely to use 
and try any new mobility solution [28]. The travel choice of the persons depends on several 
factors.  
There are five main groups of factors for determining a person’s travel choice. The five groups 
are shown below in Table 5 with examples: 
Table 5: Factors for travel mode choice [29], [30]. 
Group Example 
Travel demand Trip purpose and travel time 
Travel mode characteristics Travel distance, time, comfort, cost and safety  
Socio-demographics Gender, age, income and education 
Subjective attitudes and 
perceptions 
Attitudes of individual towards different modes, environment 
awareness and feelings  
Environmental considerations Natural environment such as weather and temperature and 
urban environment such as population density, public transport 
coverage and spatial diversity  
There is not much literature on the specific factors that define a MaaS user. However, some 
literature defined the characteristics of the end-user of several modal elements of MaaS such 
as ride-hailing, ride-sharing, e-biking, and Bus Rapid Transit (BRT) services. The possible 
factors that may play a role in determining whether a person will be a MaaS user are discussed 
below.   
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2.3.1 Travel Demand 
2.3.1.1 Travel Reasons 
The most common reason for using MaaS will be to commute to work and for social or 
recreation trips [20]. This can be explained that business travelers often do not have access to 
their car and must make use of the service for work-related activities. Business users also prefer 
certain attributes such as reliability, timeliness, and privacy with their travel option. The reason 
for the social or recreation trips can be explained since there is traffic in the evening for ride-
hailing services. The reason for this is that travelers going out in the night for recreational 
activities use the service to travel safely [11], [27], [31], [20]. BRT services is mostly used for 
commuting to work which is followed by recreational and general activities [32].  
2.3.2 Travel Mode Characteristics 
2.3.2.1 Cost 
Cost of using mobility does not in general play a role. However, in lower-income households, 
the cost of the service needs to be considered [27]. Transport cost is one of the main reasons to 
use BRT services. Other factors for user BRT services were safety, faster and for more comfort 
[32]. 
2.3.2.2 Service quality 
Service quality factors such as vehicle unavailability, inaccurate travel times and long response 
times can cause frustration for the user decision and lead to a decision to stop using the service 
[11], [19].  
2.3.2.3 Convenience, comfort and reliability. 
A near door to door service such as commuter bus service is convenient for end-users if the 
service pick-up points are nearby and it is used for short-distance travelling. Such services were 
also considered to be comforting with ergonomic seats and less noise disturbances. Flexibility 
and cost can, however, make users use other services such as a private car. The reliability of 
public transport systems can influence the user to decide to use their car as an alternative. 
Electric bikes offered users flexibility but service quality was identified as a barrier for using 
the service [22].  
2.3.3 Socio-Demographics 
[30] evaluated the main socio-economic and demographic factors and their impact on travel 
behavior. It is, however, difficult to see the exact effect of each demographic factor on travel 
patterns. Differences in socio-demographic factors such as age and income also have different 
Chapter 2  MaaS User 
Page 16 
 
travel behaviors [33]. The social-demographic factors identified from literature that can 
describe a potential MaaS user are discussed below. 
2.3.3.1 Age 
The age of a user does influence his or her decision on which travel mode to take [2], [30]. This 
is due to the different reasons children, young people, adults, and older people travel [30].  The 
literature suggests that younger people especially Millennials and Gen-Z are more likely to use 
mobility schemes such as ride-sharing and ride-hailing and be the early adopters for MaaS. 
This is most likely due to the difference in the generations concerning digital technology [31], 
[35], [24], [38]. The research from [11] does, however, suggest that the user who does not use 
the service tends to be younger, but this most likely due to the different channels used for data 
collection as explained by the author. 
MaaS also consist of bicycles element and literature revealed that the older generation use 
bicycles more but in general age does not play a role in the use of using e-bikes [39]. People 
under the age of 40 are also more likely to use BRT services [36]. 
2.3.3.2 Gender 
Gender does play a role in the travel behavior of people. Females travel more frequently but 
shorter distances to males because of they likely travel for shopping or school purposes [30], 
but this may differ depending on the demographics and country. Overall, gender does not play 
a role in impacting MaaS subscriptions or for using mobility schemes such as ride-hailing 
services [2], [11], [34]. Males are however more likely to use BRT services [32].  
2.3.3.3 Income 
Household income does affect the travel behavior of individuals. People with a higher income 
generally spend more money on travel and is, therefore, able to travel more [30]. Mobility 
schemes are used by all income groups [11], although there is a higher adoption rate and user-
base for high-income households [31], [34]. The majority of BRT users resided in high-income 
household. This is mainly due to the roll-out of the BRT service was intentionally developed 
in a middle to high-income suburb [32]. The individual on the lower-income group are more 
likely to walk or use bicycles than other income groups [35]. 
2.3.3.4 Education Level 
The users of mobility schemes such as ride-sharing and ride-hailing will most likely be 
individuals with a higher level of education [27], [31]. The use of car-use decreases as the level 
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of education increases since it is suggested that the negative effects of car use might be better 
recognized with education [29].   
2.3.3.5 Employment Status 
Part-time employees are usually more frequent travelers that those that work full time since 
they have more reasons for travelling. However, students and employees who are employed 
full-time are the most likely user of mobility schemes and have a higher adoption rate [27], 
[31]. Student are however also more likely to use ordinary bicycles to than other groups [35]. 
2.3.3.6  Car Ownership 
Car ownership in the household does not play a role with users subscribing to a MaaS 
subscription plan, but rather the number of people in the household as explained in Section 
2.3.3.7 [2]. Car-ownership in households does play a role in other mobility schemes such as 
ride-sourcing but depends on the population density of the area [27]. 
The four reasons why users may have a private vehicle and not use public transport systems 
are the following [36]: 
• the user needs a private vehicle, 
• the user requires more travel options, 
• the vehicle is needed for work and the perception the user has of public transport, and 
• for independence. 
2.3.3.7 Number of people in household 
The literature suggests that the number of people in a household does play a role in determining 
a MaaS subscriber. Households with only one child were more likely to use the service than 
those who have more children. This can is because that privately-owned vehicles are more 
convenient [2]. This is supported by other studies that showed that even in the middle-income 
categories, participation in mobility schemes decline when there are more children in the 
household [27]. The convenience of a private car in a larger household also make it less likely 
for the users to walk to destinations [35]. 
2.3.4 Subjective attitudes and perceptions 
2.3.4.1 Technology adaption 
Technology adaption is a factor that plays a role in the adoption of mobility schemes such as 
ride-hailing. Individuals who embrace a technologically driven lifestyle, use social media, use 
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smartphone regularly for travel purposes, and are willing to take a risk with the adoption of a 
new service, is likely to use mobility services [20], [27], [31].  
2.3.4.2 Attitude to certain transport modes 
2.3.4.2.1 Private car 
Although car users are expected to subscribe to MaaS, the private car provides a sense of 
freedom and independence to an owner and car-users will, therefore, not switch easily to MaaS. 
The switch is dependent on the service offerings of the potential MaaS scheme [20], [37]. MaaS 
can, however, reduce car ownership by using these factors to allow the user to not be tied to a 
car loan and no obligation to be responsible for keeping the car services with an up-to-date 
license [37].  
2.3.4.2.2 Public transport 
The general view is that public transport does not meet the mobility, accessibility, travel 
requirements, affordability, and status need of the user [36], [38]. However regular public 
transport users are expected to also be one of the first adopters of MaaS since they will be more 
familiar with using different modes of transport [20]. South African students do, however, have 
intentions of purchasing a private when they can, this is because they view the public transport 
system as inadequate and feels as if the public transport system does not provide the required 
travel options [36]. 
2.3.5 Environment considerations 
2.3.5.1 Neighborhood type 
Mobility schemes are more successful in dense, populated areas. Areas, where there are more 
ride-hailing trips, are campuses, business areas and residential areas. The outlying areas have 
fever trips [11], [31]. Accessibility to nearby school increases the likelihood that children will 
walk or use a bicycle to commute to school. Nearby access to public transport will also increase 
the likelihood of using e-bikes [35].   
2.3.5.2 Urbanized setting 
The research from [20] indicated that MaaS will most likely be initially implemented in urban 
areas. The reasoning behind this was that the required transport infrastructure, technology, and 
institutions are already developed and available.  The research also suggest that the 
development of the service level of MaaS in rural areas up to the level of urban areas will also 
be a challenge due to the infrastructure and technology requirements [20].  
Chapter 2  MaaS User 
Page 19 
 
2.3.6 Characteristics of MaaS User 
Table 6 is a summary of the various factors identified from the relevant literature to describe a 
MaaS user.  
Table 6: Summary of characteristics of MaaS user 
Main Factor Attribute Authors Reasoning 
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 Travel Reason [11], [27], [31], 
[32]. 
Going to work or school, Business travelers, Social and 
recreational trips. 
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Service Quality [11], [19]. Poor service can cause frustration for users. 
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transport users. 
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Age [2], [11], [27], 
[31], [34], [32], 
[35]. 
Age play a role with regards to which travel mode. 
Differences in generations with regards to technology and 
preferences. Young users most likely Millennials and 
Gen-Z. 
Gender [2], [11], [32], 
[34]. 
Services are used equally by both genders, but males are 
slightly more likely to use BRT services 
Income [11], [31],  
[32], [34]. 
Used by all income groups, but higher adoption for high-
income households since the cost is not a factor for them. 
Education 
Level 
[27], [29], [31], 
[35]. 
Used by higher level of education users since the negative 
effects of car use is better recognized. 
Employment 
Status 
[27], [31], [35]. Used by students and full-timed employed workers. 
Car Ownership [2], [27]. Does not play a role but depends on household size. 
# of people in 
household 
[2], [27], [35]. Lower adoption for household with more children since a 
private vehicle satisfies their mobility needs better. 
Attitudes and 
perceptions 
Technology 
adaption 
[27], [31]. Users who have a technological driven lifestyle will take 
more of a risk with a new service. 
Attitude to 
certain 
transport 
modes 
 
[20], [37], 
[36], [38] 
The attitude towards certain transport mode can influence 
the success of mobility schemes. Public transport is often 
viewed as inadequate and users will therefore be reluctant 
to use this service. 
Environment 
considerations 
Neighborhood 
type  
[11], [31], [35] Mobility schemes are more successful in dense, populated 
areas 
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Urbanized 
Setting 
[20] MaaS is more likely to be implement first in urban areas 
as the infrastructure is already in place. 
2.4 Demographic landscape of Gauteng 
2.4.1 General information 
According to the Community Survey (CS) 2016 Provincial profile: Gauteng, 2016 [39], 
Gauteng consists of 24% of the South African population and is responsible for 34.8% of the 
country’s total gross domestic product (GDP). The population in Gauteng grew 9.2% from 
2011 to 2016, the highest among all South African provinces. Gauteng is divided into 3 
metropolitan municipalities namely the City of Ekurhuleni, the City of Johannesburg, City of 
Tshwane and two district municipalities West Rand and Sedibeng.  
Table 7 highlights some key statistics for the different districts in Gauteng based on the CS 
[39] and Census 2011 from Stats SA [40]. The metropolitan areas are responsible for 85.2% of 
the workforce in Gauteng. The table shows that the population of the City of Johannesburg and 
the City of Tshwane are growing faster and have a better education level than the others. West 
Rand and Sedibeng population is quite lower and is not so densely populated.  
Table 7: Gauteng Districts Statistics [39], [40] 
Measure City of 
Johannesburg 
City of 
Tshwane 
City of 
Ekurhuleni 
West Rand Sedibeng 
Population 4 949 347 3 275 152 3 379 104 838 594 957 528 
Working Age 
(%) 
65,8 65,9 68,2 68,5 64,8 
Growth rate 
(2011 to 2016) 
(%) 
11.6 12.1 6.3 2.1 4.5 
No schooling 
aged 20+ (%) 
6.8 8.5 8.3 8.2 9.2 
Higher 
education aged 
20+ (%) 
10.8 13.2 7.6 6.6 6.9 
Number of 
households 
1 853 371 1 136 877 1 299 490 330 572 330 828 
Average 
household size 
2,7 2,9 2,6 2,5 2,9 
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Formal 
Dwelling (%) 
82,7 81,3 80,4 76,3 86,7 
2.4.2 South African Transport System 
2.4.2.1 Overview of transport policies 
The vision for a South African transport system, as provided in the White Paper on National 
Transport Policy, 1996 [41],  is a system which will: “Provide safe, reliable, effective, efficient, 
and fully integrated transport operations and infrastructure which will best meet the needs of 
freight and passenger customers at improving levels of service and cost in a fashion which 
supports government strategies for economic and social development whilst being 
environmentally and economically sustainable”. This policy became the framework for several 
transport policies and strategies that followed [42]. 
The Public Transport Strategy [43] envisions an integrated rapid public transport service 
network by 2020. The vision for 2020 is that 85% of a metropolitan city’s population is within 
1 km of a public transport service link. Another goal is to have a 20% modal shift of car users 
to public transport for workers in 2020. Other goals included factors such as service quality, 
lower travel time, multi-modal integration and better access. 
An overview of the public transport policy developments is presented by [42]. It was concluded 
by [42] that the vision the policies had was clear but the policies were not implemented 
effectively. This is due to many reasons such as a lack of funding, a lack of skills and difficulties 
involving the informal taxi industry.  
2.4.2.2 Transport in Gauteng 
Gauteng is important for South Africa as it is responsible for a large portion of the country’s 
GDP. The transport sector plays a key role in this, particularly the expansion of the public 
transport system  [39], [44]. Minibus-taxis, schedule busses, and train services are the public 
transport options available with the minibus-taxis having the highest model share. Expansion 
to the bus and train industries led to the BRT system, Rea Vaya, and a rapid rail system, 
Gautrain, in Gauteng [44]. 
2.4.2.3 Overall travel in Gauteng 
The National Household Travel Survey Gauteng Profile [45] showed that the City of 
Johannesburg, City of Pretoria and Ekurhuleni had the most trips. Resident in urban areas were 
the most likely to travel with a likelihood of  87.1%, this is followed by resident in 
metropolitan areas and then rural areas.  
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2.4.2.4 Transport modes in Gauteng 
Learners most often walk to school or use a taxi to arrive at school. Only at higher levels of 
education do the students prefer the car as a mode of transport. 44% of workers use private 
transport to get to work. 43% use public transport and 12.2% walk to work. The majority of 
public transport users use taxis as their main mode of transport followed by trains and busses. 
The reason several respondents did not travel was due to need, age, and cost restraints [45].  
2.4.2.5 Attitudes and perceptions in Gauteng 
The National Household Travel Survey revealed the attitudes of users towards the public 
transport system in South Africa. The three most important factors were the unavailability of 
buses, reckless driving by taxi-drivers and the cost of the taxis. The facilities of the public 
transport system and overcrowding of the system were also identified as negatives [45].  
Generally, there appears to be a perception that public transport is unreliable [25], does not 
provide appropriate access, is uncomfortable, is time-consuming and constrains movement. 
Black students use public transport systems in South Africa more than the other races. Black 
students do understand the public transport system better and that it can be used for mobility 
needs but they do admit that it cannot be used as a car alternative. Females also prefer a private 
vehicle above the public transport system [36]. 
2.4.3 Transport Services in Gauteng 
Table 8 shows the different transport services that are available in Gauteng. Each transport 
service provides a different type of service. The transport services are also categorized by their 
main mode of transport of either train, ride-hailing, taxi, and bus services.  
Table 8: Transport Services in Gauteng 
Transport Service Type of Service Main Type 
Gautrain Commuter Rail System Train 
Uber Ride-Hailing Ride-Hailing 
Taxify Ride-Hailing Ride-Hailing 
SA Taxi  Taxi-service Taxi 
Rea Vaya BRT Bus 
SAMTO Metered Taxi  Taxi 
Tswane Bus Service Bus-Service Bus 
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The following transport services will be investigated further, Rea Vaya, the Gautrain, the 
minibus taxi, and the ride-hailing service Uber. These four are chosen to represent the four 
main modes of transport i.e. ride-hailing, bus, train, and taxi. 
2.4.3.1 Rea Vaya 
The construction of Rea Vaya in Johannesburg consists out of different phases to have 325 km 
of BRT and 30 interchange nodes. This will provide transportation to approximately 80% of 
the population of Johannesburg. Operation began with phase 1A completed in August 2009 
[42], [44]. 
It is known that the transport system in Gauteng is different to other countries as shown by 
[46]. The trip lengths are longer, and the peak-to-base demand is higher for Johannesburg than 
for similarly populated cities in the world. As indicated by [46], Rea Vaya was originally 
expected to have 162 000 journeys per workday but only delivered  an estimated 60 000 
journeys per weekday. This is explained to be due to urban form factors and the difference with 
the transport market in Johannesburg. The urban form of Johannesburg is different from other 
cities in the world and therefore a one-size fit all does not apply when implementing a transport 
solution. The urban form of Johannesburg is described as long travel distances from townships 
and an uneven distribution of a population. 
2.4.3.2 Gautrain 
The Gautrain is a high-speed rail service that started construction in September 2006. It 
connects the Oliver Tambo International Airport, the metropolitan area of Tshwane and 
Johannesburg. The operation began in June 2010 with the purpose to reduce travel time 
between Tshwane and Johannesburg. The system also has a bus feeder system to distribute 
users to and from the station [42], [44]. 
2.4.3.3 The minibus taxi 
The commuter taxi-industry has the most dominant public transport mode in South Africa, the 
minibus taxi. The service became legitimized in 1985 and grew rapidly at the expense of the 
formal commuter bus and rail industries. The service does have a poor safety record and there 
is also the problem of vehicle roadworthiness and the unlawful driving of the drivers. Urban 
areas have a large concentration of taxis that are mostly used for short distances in high-density 
corridors [42]. 
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2.4.3.4 Uber 
Uber launched in South Africa in 2013. Uber and other ride-hailing services are complementary 
to other public transport modes such as the Gautrain and bus-services. This is achieved by 
providing the last-mile or first-mile transportation services to other public transportation 
modes. Ride-hailing services are also used in remote areas where there may be a lack of public 
transportation [47]. 
2.5 Conclusion 
In this chapter, MaaS can be described as a service that combines several transport services 
such as ride-hailing, busses and trains into a single mobility package that is available from a 
single interface. MaaS has the potential to improve public transport options, reduce the 
dependence of private vehicles and therefore reducing transport emissions into the atmosphere. 
The dependence of private vehicles is also identified to be the main barrier to the success of 
MaaS.  
The characteristics of the potential users of MaaS is therefore important for evaluating the 
potential userbase of MaaS and some studies focused on the perceptions, opinions, and interests 
of the users in MaaS. Overall, the typical MaaS user is a young person, probably a millennial, 
with an above-average income, is employed and technology-driven.  
The focus of the chapter then shifts towards the transport system in Gauteng. Gauteng is one 
of the main hubs in South Africa and is responsible for 34.8% of the country’s GDP. The 
majority of the population use a private vehicle as to the main method of transport. The public 
transport system with the highest market share is the mini-bus taxi. The public transport system 
in South Africa, especially the mini-bus taxi, has a reputation for poor service, poor safety, and 
reckless driving. MaaS as a system is not available in South Africa, there is, however, various 
other forms of mobility transport solutions that are available in South Africa. Available services 
include ride-hailing, BRT, metered taxi’s, a commuter rail system and other forms of public 
transport. There is a future for MaaS in South Africa, but as indicated, it does present new 
challenges with regards to the integration with public transport systems. 
To evaluate the potential userbase of a MaaS operation, this chapter highlighted some methods 
that were used to evaluate MaaS or other mobility solutions. A method to evaluate the potential 
userbase of MaaS is needed to be able to compare different MaaS configuration and achieve 
the research objective to address the research problem of “Understanding the potential 
userbase for MaaS using the possible MaaS configurations that are available in a developing 
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country.”  A basic understanding of the research problem, research objectives, and the research 
question have been acquired in this chapter. This knowledge now forms the foundations for the 
next chapter. The next chapter will develop and discuss a research method based on the 
knowledge obtained to further address the research problem.   
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Chapter 3 : Research Design 
3.1 Introduction 
The research process that is needed to evaluate the potential userbase of different MaaS 
configurations in a developing country based on socio-demographic factors is discussed in this 
chapter. The research process consists of identifying the research methodology, data collection 
methods and describes how the data will be analyzed to evaluate the potential userbase of 
different MaaS configurations in a developing country based on socio-demographic factors.  
3.2 Research Methodology 
Both qualitative and quantitative research approaches are suitable for identifying the 
characteristics that describe a potential global MaaS user and determining the possible trip 
configurations for MaaS in a developing country. MaaS is a relatively new concept with only 
a few implementations in the world, with none in South Africa. This means that there is no data 
available directly from a MaaS operator in South Africa where the socio-demographic 
information or user information can be obtained. The method that is therefore used to identify 
the socio-demographic factors that describe a potential global MaaS will be identified from the 
literature as in Table 6. 
The socio-demographic factors of Gauteng need to be obtained to allow for a comparison of 
the socio-demographic factors that describe a typical MaaS user to that of the Gauteng 
population. Quantitative data regarding socio-demographic information of Gauteng and travel 
information relating to the possible MaaS service providers are needed to evaluate the potential 
userbase of different MaaS configurations in a developing country based on socio-demographic 
factors.  
There is no data relating to socio-demographic factors for MaaS users in Gauteng since no 
MaaS operation exists in South Africa. There is however socio-demographic information for 
the population of Gauteng as well as their travel information on several potential MaaS service 
providers that can be obtained using secondary data sources.  
This research will seek to apply the characteristics of a global MaaS user from the literature 
on secondary data sources to determine the possible trip configurations of MaaS in a 
developing country. The research method this research uses is, therefore, secondary data 
research methodology. 
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3.3 Secondary data research methodology 
Secondary data can be described as data that have already been collected by another party for 
some other purpose but may be used for different research purposes. This is different from 
primary data as the data is not obtained from first-hand sources such as questionnaires, 
observations, or interviews [48], [49]. 
Secondary data are available either as raw data or as compiled data where the data is already 
summarized to some extent. Secondary data can be obtained by public statistical providers, 
specialized search engines or organizations [48]. 
There is limited literature on the use of secondary data sources such as a national household 
travel survey for analyzing the potential demand for MaaS. The research from [34] did, 
however, use data from a National Household Travel Survey (NHTS) to analyze the user base 
of a ride-hailing mobility service. The objective of this research was to present the socio-
demographic factors of ride-hailing users, the reasons for using the service and the time the 
service is used. Another researcher, [27], also used data from a regional travel study to gain a 
better understanding of socio-economic and demographic factors on ride-sourcing and car-
sharing services. Data from a household travel survey can also be used to model and determine 
the factors that determine car use [50] or identify changes in travel behavior over time [51]. 
Data from household travel survey can be used for various research scenarios as explained 
above. The challenge with these secondary sources is that the questions can differ each time 
the survey is performed [51] or the questions are not related or specific enough for one’s 
research.  
The advantages and disadvantages of using secondary data is shown in Table 9 [48]. The table 
shows that using secondary data does have advantages such as time and cost savings, but also 
highlights that the data obtained must be analyzed to evaluate the appropriateness and quality 
of the data.  
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Table 9: Advantages and disadvantages of using secondary data [48], [49] 
Advantages Disadvantages 
Time savings - Information can be obtained by 
search engines or libraries. 
Inappropriateness of the data - The data are 
originally collected for another research question or 
objective. This may cause the data to be dated or be 
of a different scope. 
Accessibility - Information is available on the 
internet and not only confined to libraries 
Lack of control over data quality - The quality of 
secondary data can often be below standard. The 
quality of government and official institutions data 
are often on standard  
Cost reduction - No need to perform a survey. 
Analyze data collected by others 
 
Breadth of research - Secondary data can be used 
for longitudinal and international comparative studies 
as these studies are performed on a regular basis 
 
Generating new insights - New insights and 
discoveries can be made by reanalyzing data 
 
Secondary data is used as the method of data collection in this research because the data is 
easily accessible, and it saves time and money. The use of secondary data sources also enables 
this research to be used in other districts or countries where similar information is available. 
The data sources used must be selected to minimize the effect of the disadvantages of secondary 
data. The research design process for the secondary research is shown in Figure 4  [52], [53]. 
The process consists of several steps, starting with identifying the aim of the research and 
relating it to the research questions. The data requirements, collection, and preparation steps 
have to be performed with consideration of the research questions. 
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Figure 4: Research design process [52], [53] 
3.3.1 Identify Aim 
The objective of the use of secondary data is to evaluate the potential userbase of different 
MaaS configurations in a developing country. This is achieved by applying the characteristics 
of a potential global MaaS user from the literature on secondary data sources. 
3.3.2 Established Data Requirements 
It is important to establish the requirements the secondary data needs to have to be able to 
answer the research questions. Secondary data can save time and money due to it being easily 
acceptable, but inaccurate data can lead to the incorrect decision being made [54]. The inclusion 
and exclusion criteria for data sources is based on evaluating the following criteria for each 
secondary data source, namely: 
a) Data supplier, 
b) Purpose of the study, 
c) Sample selection, 
d) Data collection process, 
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e) Data analysis, and 
f) Data interpretation 
The data sources are evaluated using these criteria in Section 3.3.3.3. To determine the socio-
demographic information of Gauteng and to evaluate the possible configuration of MaaS in 
Gauteng, data is needed on the aspects listed in Table 6 of the literature review.  
3.3.3 Collect Data 
The secondary data sources used for the collection of data is the NHTS for Gauteng (2013) 
[45] and CS (2016) [39]. Background information on the secondary sources as well as their 
sampling methods is described below.  
3.3.3.1 NHTS for Gauteng 
The NHTS was executed by Statistics South Africa (StatsSA) from February 2013 to March 
2013 using a two-stages random stratified sample of 51 341 dwelling units. The first NHTS in 
South Africa was conducted in 2003 to gain strategic insights into travel patterns and transport 
problems in South Africa [45]. The 2013 NHTS aimed to gain a better understanding of the 
travel behavior, costs, attitudes, availability and accessibility of certain transport modes for 
households. The report also contains information regarding the travel patterns for educational, 
workers, business trip and social trips. These objectives and travel pattern information are 
related to several socio-demographic factors that are needed to assess the potential userbase for 
MaaS [45]. 
The target population for the survey was private households and residents in workers’ hostels 
and is the only representative of non-institutionalized and non-military persons in South Africa. 
The survey therefore excluded old-age homes, hospitals, prisons, students’ hostels, and military 
barracks. The overall response rate for 51 341 dwelling units in Gauteng was 85.7%. The NHTS 
indicated serval limitation such as [45]: 
a) The exclusions of institutionalized and military personal, 
b) Limited time and resources, and 
c) Inconsistencies with questionnaires and survey monitoring across districts and 
provinces. 
3.3.3.2 Community Survey: Gauteng Profile 
The CS 2016 is a household-based survey where the data was collected electronically using a 
Computer Assisted Personal Interviewing (CAPI) system. The survey was also executed by 
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StatsSA. The electronic system enhanced data quality while also lowering financial and time 
costs. A household was defined as a group of persons living together, providing food and other 
essentials for themselves or a person living alone [39]. 
A stratified single-stage sample design was used to identify households. The objective of the 
CS was to provide results that could lead to optimal resource allocation and utilization to reduce 
poverty in South Africa. The social, demographic and economic data are also needed to support 
the development and implementation of new policies and legislation [39].  
The report contains information on several general population characteristics such as size, 
gender and age distribution. The reports also report on education and household characteristics, 
therefore, providing information relating to the socio-demographic information of Gauteng. 
The CS did not mention any limitations in the report [39].  However, the data is available in a 
compiled format which implied that the application of this dataset to another analysis could be 
limited. 
3.3.3.3 Data source evaluation 
The accuracy of the secondary data sources is evaluated according to the data requirements in 
Section 3.3.2. 
3.3.3.3.1 Data Supplier 
The NHTS and CS were both performed by StatsSA, a government research institution. Data 
from government institutions can be considered as reliable and accurate [54]. 
3.3.3.3.2 Purpose of the study 
The purpose of the NHTS was to understand the travel behavior and other travel characteristics 
of households. This provides information regarding the socio-demographic factors of 
household and their attitudes towards several transport modes. The CS was performed to obtain 
socio-demographic information for the population.  
3.3.3.3.3 Sample selection 
The NHTS used a two-stage random stratified sample and is representative of non-
institutionalized and non-military persons in South Africa. The NHTS sampled 51,341 
dwelling units and had a response rate of 86.6%. The CS used a stratified single-stage sample 
design to identify households to sample to be representative of the population. 
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3.3.3.3.4 Data collection process 
The accuracy of the data collection process is more difficult to measure as it is not always 
documented [54]. The data collection of the NHTS consisted of three phases namely: pre-
enumeration, enumeration and post-enumeration. The pre-enumeration consisted of planning 
and publicity to inform stakeholders and respondents of the survey. The pre-enumeration also 
consisted of training with quality measures in place to assess the trainees. Several quality 
measures were also in place during data collection [45].  The data collection of the CS data was 
completed electronically. The electronic system contained data validation and pattern rules to 
ensure quality and accurate information [39]. 
3.3.3.3.5 Data analysis 
The accuracy of the data analysis process is also difficult to quantify as access to the 
questionnaire and raw data is required. If the questionnaire has questions whereby the 
respondent must select an answer that is between ranges, the average of that question cannot 
be accurately determined [54]. The questionnaire consisted of several sections such as 
household characteristics, general travel patterns and work, business and education travel 
patterns [45] and can be found in the metadata [55]. The questionnaire for the CS is available 
online and is shown in [56]. The results are presented in the report in a compiled format. The 
totals are presented as well as the percentage of a specific category. 
3.3.3.3.6 Data interpretation 
The accuracy of the interpretation of data is mostly questionable if there are qualitative data 
involved [54]. The data from both sets of data that will be used is quantitative. The accuracy 
of the analysis is however influenced since the data is shown in a compiled format. The 
accuracy of the percentages is also a limitation since they do not add up to one hundred because 
of rounding errors. Both datasets also do not report on the complete employment details. The 
other limitation these datasets have is that is not possible to get an accurate picture of the 
population. An example of this is shown in [45] where the income distribution for workers is 
shown as well as the geographical distribution for workers is shown. It is however not possible 
to see the income distribution for each geographical factor for workers. 
Although both datasets show the results in a compiled format, it can still be used for this 
research. This is because the information the datasets provide in terms of the socio-
demographic factors, and travel mode factors, is still valuable in evaluating the potential 
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userbase for different MaaS configurations. This limitation does indicate that several 
assumptions regarding the relationship between factors will need to be made.  
3.3.4 Data Preparation 
The data from the NHTS and CS are classified as compiled data which means the raw 
information is not available. The information is displayed in tables and figures. The first part 
of the data preparation is to identify what information can be obtained from the tables and 
figures from the secondary sources and to link it to the social-demographic factors identified 
from Table 6. Table A. 2. indicates the relationship between the secondary data and the MaaS 
characteristics in Table 6. 
The only aspects which information was limited and not in the detail required are the 
employment status such as part-time or full-time. The information in the data sources does, 
however, have travel details regarding “workers” which is assumed to include all types of 
employment. 
3.4 Data Analysis 
The information presented in Table 6 consisted of several main factors. Each factor speaks to 
the Gauteng population differently. The travel demand and travel mode factors speak to the 
population usage and perceptions of the different transport modes. The socio-demographic 
factors, environmental considerations and the technology adaption attribute speaks to the 
characteristics that can be applied to the general population. This is an indication that to 
understand the potential user base of different MaaS configuration, one needs to look at it from 
different perspectives. The first perspective is to look at it and only consider the factors that 
speak to the general population and the other perspective is to look at it from the travel mode. 
3.4.1 General Population Perspective 
The purpose of evaluating MaaS from the general population perspective, is to identify the 
potential userbase for MaaS based on socio-demographic factors. The socio-demographic 
factors from Table 6 are quantified to be able to evaluate these characteristics on the secondary 
data sources. The quantified values present certain bands that include a specific portion of the 
population and excludes the rest. The population set that is included in all the bands, is 
determined to be the potential MaaS userbase in Gauteng. The process of evaluating the 
characteristics from Table 6 with the information that is available from the secondary sources 
is explained in more detail in Section 4.2 and Section 4.3. 
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3.4.2 Travel Mode Perspective 
The possible MaaS service providers from Table 8 are grouped into the different groups such 
as taxis, buses, trains and ride-hailing services for trip-generation analysis. The category of the 
taxi will consist of the minibus taxis and the metered taxis. Data from the NHTS and the CS 
did not have a category to define ride-hailing services as a transport mode. This indicated that 
ride-hailing service does not present a large modal share. It is assumed that ride-hailing services 
consist of 1% of modal share because ride-hailing service only became operation during the 
year the NHTS was performed. The one percent modal share is therefore used to not over-
estimate the possible trips and users of ride-hailing services. The ride-hailing perceptions and 
attitudes are assumed to be similar to that of the private car. The commuter rail system will fall 
under trains and the BRT and general bus-services fall under the bus category. It is important 
to know that BRT services were also operational for a short time when the NHTS was 
performed. The BRT system in Johannesburg became operational in 2009 and the Tshwane 
BRT system become operation in 2014. The impact of BRT and ride-hailing systems are 
therefore not shown in the NHTS. The main transport modes for MaaS in this study is, 
therefore: 
• Trains, 
• Busses,  
• Taxis, and 
• Ride-Hailing Services 
The inclusion of private vehicles car drivers or passengers and other modes such as walking is 
excluded from possible MaaS configurations. The number of possible trip combinations needs 
to be generated to evaluate the MaaS configuration with the Gauteng population. Each transport 
mode will be evaluated according to the specified user characteristics to determine if it is a 
viable transport mode for the user. Characteristics such as the attitude and perception of the 
user towards the transport mode, the costs, availability, and timeliness will be evaluated. The 
different types of users form the travel demand in Table 6, as well as other identified from the 
NHTS. The main travel demand reasons are the following: 
1) Workers, 
2) Students, 
3) Business Trips Users, 
4) Social Trip Users, and  
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5) Social Night Trip Users 
Workers are defined in the NHTS as persons who are 15 years and older and employed. No 
distinction is made between the occupation level or age distribution of workers. Students are 
assumed to be learners who attend a college or any other tertiary education. Pre-school and 
school learners are excluded because of their age. Business trip users are workers who 
undertake trips for work-related reasons. Social trips and social night trips are related to the 
day trips and night trips in the NHTS and are defined as any trip taken for any reason except 
work, education or business purposes whether at day or night.  
3.5 Report Findings 
Before a MaaS project can begin, certain requirements need to be met. The project must have 
strong financial and political support with collaboration and business opportunities for actors 
and stakeholders. The infrastructure needs to be in place and the mobility data needs to be 
available. Finally, there must be a potential user base [20].  
The success of a MaaS operation can be determined at three levels [57]. The three levels are 
(i) Macro-level conditions; Meso-level conditions; and Micro-level conditions. 
The macro-level consists mostly out of high levels of societal institutional arrangements such 
as policies, culture, and trends. The macro-level conditions for MaaS include transport 
regulations, modal sharing ideals and the subsidies of public transport [57]. 
The meso level looks at the arrangements at a regional and local level. The arrangements 
consider both the public and the private sector in the transport plans, urban planning and the 
assignment of roles and identities [57].  
The micro-level condition focused on the individual users of MaaS. The arrangements include 
measures for taxes, congestion charging and the changing of the user perspective on certain 
transport modes [57]. Several evaluations of mobility solutions looked at measuring the success 
of the system at a certain level.  
The findings of this research are reported on the micro-level condition since the data is analyzed 
on a user level. The findings will be obtained using Key Performance Indicators (KPIs). 
The key performance indicators for a specific typology will be the following [7], [8], [58]: 
a) Number of trips, 
b) Number of users, 
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c) % penetration of Gauteng population, and 
d) Potential Revenue. 
3.6 Conclusion 
In this chapter, the research methodology is designed and discussed to provide a method that 
can evaluate the potential userbase of different MaaS configurations in a developing country. 
However, it was identified that there was a lack of data available for all possible potential MaaS 
service providers. There was however secondary data available regarding the population 
characteristics of Gauteng and many travel information regarding different travel modes. The 
information provided in literature also gave a clear indication of what a typical MaaS user looks 
like globally. A combination of analyzing literature and secondary data research methodology 
was therefore used to determine the potential userbase. 
This chapter provided the framework for the methodology that is used for research design as 
well as the evaluation method. The chapter also highlights that the secondary data needs to be 
manipulated to be in the correct format. The data preparation required several assumptions that 
needs to be made regarding the dependencies within the data which may not be correct. This 
is, however, the trade-off of using secondary data concerning costs and time. 
The process will classify the characteristics of a typical global MaaS user by analyzing 
information obtained from the literature. The next step is to obtain socio-demographic 
information for Gauteng. This is achieved by using a secondary data research methodology 
which includes subtasks such as evaluating the data sources and data preparation. The data 
preparation step is used to transform the data from the secondary data sources into a useable 
formal. The same process is used to obtain travel-related information. The analysis of the data 
consists of evaluating the correlation between a typical global MaaS user and the socio-
demographic factors of Gauteng. The next step is to analyze the potential trip generation based 
on the reasons for travel on features such as a number of passengers, frequency of usage and 
potential revenue. The last step is to interpret the results using the evaluation method and to 
provide final a conclusion.  
This chapter provided a method to evaluate the potential userbase of different MaaS 
configurations. A basic understanding of the secondary research methodology and the research 
design has been acquired in this chapter. The next chapter will apply the research design to 
analyze the potential userbase of different MaaS configuration in a developing country based 
on socio-demographic factors.    
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Chapter 4 : Results and Analysis 
4.1 Introduction 
The analysis process and the results obtained are discussed in this chapter. The purpose of this 
chapter is to provide results for evaluating the potential userbase of different MaaS 
configurations in a developing country based on socio-demographic factors. As indicated in 
Section 3.4, the evaluation of the potential userbase of MaaS can be looked at from two 
perspectives. The first perspective is from the general population and the second perspective is 
from the travel mode. The analysis for each perspective consists mainly out of using the 
characteristics of a typical MaaS user and to apply it to the secondary sources by quantifying 
and interpreting the characteristics. The characteristics of a typical MaaS user from Table 6 are 
mapped to the secondary sources as indicated in Table A. 2 to Table A. 5 in the appendix. The 
analysis of each perspective is discussed in this chapter using the process as shown in Figure 
5. 
 
Figure 5: Analysis process 
The analysis process starts with quantifying the characteristics of a typical MaaS user from 
literature. This is needed to evaluate MaaS from the population perspective and the travel mode 
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perspective. The population perspective starts with populating the information of the 
population that relates to the quantified characteristics of the typical MaaS user. The populated 
information can then be used to determine the penetration rate of MaaS of the population. 
MaaS is also evaluated from the travel mode perspective. This process starts by generating trips 
for all possible MaaS configuration. This is achieved by first determining travel information 
for the population as well as identifying all possible trip configurations. Once all the MaaS 
configurations are identified, the number of trips for each configuration is generated using the 
travel information from the secondary sources. The viability of each configuration is next to be 
evaluated. The viability of each configuration is based on the viability of each transport mode 
used in its configuration. The viability analysis considers the travel mode attributes such as 
costs, timeliness and reliability from Table 6. The possible number of users is then calculated 
as well as the user penetration. Finally, the findings obtained are summarized.    
The processing of the data is performed using Microsoft Excel. The Excel Add-on PowerPivot 
is also used for several calculations. The results are displayed using the built-in graphs and 
pivot tables.  
4.2 Quantify characteristics of a typical MaaS user 
The first step of the analysis is to quantify the values for each aspect of the typical global MaaS 
user and relating is to the information obtained from the secondary sources. The results are 
obtained by analyzing Table 6 and relating it with the information available from the secondary 
sources in Table A. 2. 
4.2.1 Travel Demand 
The travel demand factor from Table 6 indicated that the reason for travel does play a role in 
determining whether a person will use MaaS. The reasons identified were to travel to work, 
travel for work, social and recreational trips. This corresponds to the reasons for travel from 
the NHTS, which were worker, business trips, social trips and social night trips. It is assumed 
that the student group also forms part of potential MaaS user since they are busy with their 
higher education and fall within the specified age group. 
4.2.2 Travel Mode 
4.2.2.1 Cost 
The cost attribute of the travel mode factor from Table 6 indicated that the cost of the travel 
mode can influence the lower-income user’s willingness to use the service. The cost of travel 
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should be medium to high for potential MaaS users. The cost measures identified from Table 
A. 2, indicated that the monthly travel cost for each travel mode is available from the secondary 
data sources. It is assumed that the medium and high travel cost is anything above R 200 per 
month, which is the highest band from the NHTS.  
4.2.2.2 Service Quality 
Service quality is also an important attribute to consider if a user is willing to use a certain 
travel mode as poor service can cause frustration for users. As mentioned in Section 2.3.2.2,  
the availability of the vehicle, inaccurate travel times and long response times are factors that 
affect the service quality [11], [19]. The service quality can, therefore, be measured in three 
aspects, namely: 
1) Availability, 
2) Travel time, and 
3) The overall perception of the service. 
The availability of the transport services can be measured by using the measures identified 
from Table A. 2 where availability information is provided. Availability is quantified by the 
percentage of the population for whom availability is not a problem. 
One function of MaaS is to provide a door-to-door service. This means that the travel time, i.e. 
the walking time to the service, waiting time at the service and the walking time to the 
destination needs to small. The walking time information, as well as the waiting time 
information, is available in the secondary sources as indicated in Table A. 2. The waiting time 
information per travel mode is however not usable since the percentages given are per time 
interval and not per travel mode. The waiting time information is however available as the 
combination of travel modes and not for each one separately. It is assumed that for good 
service, the walking time to the transport mode and from the transport mode, should be less 
than 15 minutes. It is also assumed that the waiting time is the same for all transport modes. 
The waiting time quantified measure is assumed to be less than 10 minutes. 
The overall perception of the service is measured by evaluating the reasons for not using the 
specific transport mode. The quantified measure for service is based on the percentage of the 
population who did not list service-related issues as the reason for not using the service. 
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4.2.2.3 Convenience and reliability 
Convenience and reliability are important attributes to consider in order to have public transport 
as part of MaaS. Convenience and reliability are assumed to be similar to the service quality of 
the transport modes. Measures such as travel time information and availability were identified 
to measure the convenience and reliability and are discussed under the service quality section.  
4.2.3 Socio-demographics 
The socio-demographic factors from Table 6 are used to evaluate the potential userbase of 
MaaS in a developing country by looking at the general population characteristics. Quantified 
values of the measures are needed in order to evaluate the characteristics of the global MaaS 
user to that of Gauteng.  
4.2.3.1 Age 
The age attribute from Table 6 indicates that younger people are more likely to use MaaS. It is 
assumed this age group to be from 20 – 34. The age distribution of the general population is 
available from CS as shown in Table A. 2. 
4.2.3.2 Gender 
Table 6 also indicated that the services are used equally by both genders, except for BRT 
services. The quantified measure for the gender attribute is that it is used by all genders. It is 
assumed that the slight difference in BRT usage is insignificant in the overall usage.  
4.2.3.3 Income 
Table 6 indicated that while MaaS can be used by everyone, the income does influence the 
adoption rate. The household income and household expenditure from the NHTS and CS are 
used to measure the income level. The household income levels are provided in quintiles of 
quintile 1 (Q1) to quintile 5 (Q5), which Q1 is the lowest and Q5 is the highest. It is stated in 
metadata of the NHTS [55] that the total monthly household income is used to calculate the 
income quintiles. It is assumed that the higher-income households fall under Q4 and Q5. The 
questionnaire from [55] did, however, showed that the respondents were able to select an 
income category with values in Rand but this was not reported on in the NHTS  
4.2.3.4 Level of Education 
Table 6 also indicated that people with a higher level of education will use the service more. 
The education level is measurable by the highest level of education a person has, as well as 
those students who are currently pursuing a higher level of education. Table A. 2 does provide 
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information relating to the highest level of education the population has as well as the 
distribution of learners currently at higher education. 
4.2.3.5 Employment status 
The employment status attribute of  Table 6 indicated that the services are more used by people 
who are employed. The NHTS and CS both did not contain information on the level of 
employment of the survey respondents. Table A. 2 does indicate that the number of workers 
can be used for measuring the employment status, but no distinction is made on the level of 
employment. Since no reliable information is available on the level of employment from the 
data sources, this attribute is not considered in further analysis.  
4.2.3.6 Car Ownership 
Table 6 indicated that car ownership does not play a role, but large households may prefer a 
private car for their transport. Table A. 2 does indicate that the car ownership information is 
available, but since car ownership does not play a direct role, this attribute is not considered in 
further analysis. 
4.2.3.7 Number of people in household 
The number of people in a household does play a role in determining if the person is a potential 
MaaS user as shown in Table 6. This is because households with more children are more likely 
to use a private vehicle for their transport needs. It is therefore assumed that only small 
households will be potential MaaS users. Table A. 2 indicates that the secondary sources do 
have information available on the distribution of the number of people in the households. It is 
assumed that the potential MaaS user will have a household size of 1 to 3.  
4.2.4 Attitudes and perceptions 
4.2.4.1 Technology adaption 
The technology adaption of users also plays a role since technologically driven people will take 
more of a risk to use a new service. The adaption of technology is measured by evaluating the 
population who have access to a phone and the Internet. Access to the Internet information is 
available per household as indicated in Table A. 2. It is, however, unclear whether this 
information is only applicable to Internet access at home or does it also consider Internet access 
via a cellphone.  Access to a phone will enable users to also have access to the Internet and can 
therefore use mobile services to make use of MaaS. The household access to the Internet is 
therefore not considered for this evaluation and only access to a cellphone is considered to 
measure technology adaption. 
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4.2.4.2 Attitude to certain transport modes 
The attitude towards certain transport modes, in particular, public transport modes, can 
influence a user’s decision to use the specific transport mode. It is assumed that attributes such 
as the service quality, costs, and reliability and convenience as described above, are the 
measures used to determine the attitude towards a certain transport mode. Other attributes, such 
as the safety of the travel mode, were not considered due to it not being part of the 
characteristics of a typical global MaaS user.   
4.2.5 Environment considerations 
The neighborhood type and the urbanized setting both play a role in the success of a MaaS 
operation. This is because the infrastructure for implementing a MaaS operation is already in 
place as indicated in Table 6. The neighborhood type and urbanized setting can both be 
measured by the type of area such as metro, urban or rural. Metro is assumed to be the 
quantified value that represents the environmental considerations.   
4.2.6 Summary of quantified characteristics 
Table 10 indicates the MaaS characteristics along with the quantifiable measure. The quantified 
values will be used to identify the penetration rate of a global MaaS user in Gauteng.  
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Table 10: MaaS user characteristics quantified 
Main Factor Attribute Measure Quantified value 
assumption 
Travel Demand Travel Reason Reasons for using MaaS Worker, Business Trips, 
Student, Social Night Trips 
Travel Mode Trip Cost Monthly Trip Costs per 
Travel Mode 
Monthly trip costs > 200 
Service Quality Availability Needs to be available 
Travel Time Walking time to travel mode 
less than 15 min 
Walking time from travel 
mode less than 15 min 
Waiting time less than 10 
min 
Overall perception of 
service 
Did not experience service-
related problems 
Convenience and 
reliability 
Same as service quality N/A 
Socio-demographic Age  Age  20-34 
Gender Gender All 
Income Household income  
 
Q4 and Q5 
Education Highest level of 
education achieved 
Has higher level of education 
or currently studying for a 
higher level of education 
Employment status N/A N/A 
Car-ownership N/A N/A 
Household size Household size Household size of 1-3 
Attitudes and 
perception 
Technology 
adaption 
Access to internet Used by people with access 
to cellphone 
Attitude to transport 
mode 
Positive attitude towards 
public transport 
Travel mode factors 
Environment 
considerations 
Neighborhood type  Type of Household Metro 
 
4.3 Evaluate MaaS from Population perspective 
The evaluation of MaaS from the population perspective is based on several factors that apply 
to the general population. These factors from Table 10 are the socio-demographic factors, the 
environmental consideration factors and the technology adaption attribute from the attitudes 
and perception factor. Table 11 shows the population size and the number of households in 
Gauteng which are obtained from the secondary sources with the link in Table A. 1. These 
figures are needed in order to evaluate the number of potential MaaS users in Gauteng as they 
form the base numbers. 
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Table 11: Basic Population Statistics 
 
Number 
Population Size 13,399,724 
Number of Households 4,951,137 
 
4.3.1 Populate population information based on MaaS user characteristics 
The population information is populated using the quantified MaaS user characteristics from 
Table 10 that apply to the evaluation of MaaS from the general population perspective. The 
value of the quantified MaaS user characteristics is obtained using the information from the 
related link to the secondary data from Table A. 2 for the specific main factor, attribute, and 
measure. The specific percentage of the Gauteng population that falls within the quantified 
MaaS user description is looked up for each measure. The populated information for the 
Gauteng population is shown in Table 12. The percentage values in Table 12 represents the 
percentage of the population that falls within the quantified value assumption band for the 
specific measure, for example, 44% of the Gauteng population are within the ages of 21-35. 
Table 12: Socio-demographic factors of Gauteng for MaaS Quantified 
Main Factor Attribute Measure Quantified value 
assumption 
General Population 
Statistics % 
Socio-
demographic 
Age  Age  21-35 44% 
 Gender Gender Both 100% 
 Income Household 
income 
 Q4 and Q5 60% 
 Education Highest level of 
education 
achieved 
Higher level of 
education or 
currently studying 
28% 
 Employment 
status 
N/A N/A N/A 
 Household size Household size Household size of 1-
3 
67% 
Attitudes and 
perception 
Technology 
adaption 
Access to 
internet 
Access to phone 95.5% 
Environment 
considerations 
Neighborhood 
type  
Type of 
Household 
Metro 84% 
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4.3.2 Determine user penetration of MaaS in Gauteng 
Table 12 shows the population statistics for the characteristics of MaaS in Gauteng. This 
information can be used to calculate the user penetration of MaaS from the perspective of the 
general population. However, the interpretation of the data is challenging since the 
dependencies and relationships between the different attributes are not known. The information 
does not show for example how many people are there that are between the ages of 20 – 34 but 
are also in a high-income household and have a higher level of education.  It is, therefore, 
assumed that there are no relationships or dependencies between the various attributes. This 
implies that the statistics for the overall population is the same in each of the different attributes. 
This method reduces the penetration rate for each attribute that is added as each attribute will 
only be a subset of the previous attribute and will therefore produce a conservative penetration 
rate. The analysis of the estimated penetration rate is described in Figure 6. 
 
Figure 6: Process for calculating penetration rate 
Initial • Start with a penetration rate of 100%
Age
• 44% between 20 and 34
• Penetration rate = 100% * 44% = 44%
Gender
• Used by both genders equaly.
• Penetration rate = 100% * 44% = 44%
Income
• Higher income households = 60 %
• Penetration rate = 60 % * 44% = 26.4%
Level of Education
• High level of education = 28 %
• Penetration rate = 28 % * 26.4% = 7.39%
Employment Status
• Information is not available and is therefore not considered.
• Penetration rate stays at 7.39 %
Car Ownership
• Car ownership does not play a role and is therefore not 
considered
• Penetration rate stays at 7.39%
Number of people 
in Household
• Used by households with sizes of 1 - 3 = 67%
• Penetration rate = 67% * 7.39% = 4.95%
Technology 
adaption
• Access to phone = 95.5%
• Penetration rate = 95.5%*4.95% = 4.73%
Neighbourhood 
Type
• Metro = 84%
• Penetration Rate = 84% * 4.73% = 3.97%
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Using the above method, the estimated penetration rate for MaaS in Gauteng is calculated to 
be approximately 4%. This is the penetration rate when evaluating MaaS from the perspective 
of the general population. The number of users is then calculated using the 4% and the total 
number of people in Gauteng. This resulted in a userbase of approximately 535,989 MaaS 
users. This estimated userbase can be considered to be conservative due to the limitations with 
the dataset, whereby the relationship between the different aspects are not known. 
4.4 Evaluate MaaS from Travel Mode perspective 
The evaluation of MaaS from the travel mode perspective is based on the characteristics of a 
typical MaaS user from Table 6 that are related to the travel mode factors and the travel demand 
factors. As can be seen from Table 10, the travel mode and demand factors contain information 
for different travel modes and different travel reasons. The evaluation of MaaS from a travel 
mode perspective will use the different types of travel modes to generate possible MaaS 
configurations. The total trips, several users and the potential revenue are the expected output 
from evaluating MaaS from the travel mode perspective.  
The number of trips generated is used to evaluate the potential userbase for different MaaS 
configurations in a developing country. The structure required to determine the number of trips 
generated is depicted in Figure 7. At the top is the travel modes that are available in Gauteng. 
The four different modes of travel are identified in Table 8 as taxi, bus, train, and ride-hailing. 
It is assumed that a user who uses ride-hailing will not use a taxi as well for the same trip since 
both taxis and ride-hailing provide a similar service. This limits the number of modes a trip can 
consist of to three. 
The next level consists of all the possible trip configurations. The trip configurations contain 
the different travel modes a potential MaaS user will use for a trip. An example is that the MaaS 
user starts their journey on a bus, which takes them to the train station. The user then uses the 
train and then takes a taxi to their destination. This research views the trip configuration to 
consist of the main mode and a certain number of transfer modes. The main mode is the mode 
that covers the majority of the distance between the travel modes.  
Each trip configuration now consists of one or more travel modes, one which is the main mode 
and the other as the first or second transfer mode. Each travel reason also has a different view 
and perspective on the different travel modes. This indicates that different trip configurations 
will be used differently by workers, students, business trip users, social trip users, and social 
night trip users.  
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The trip generation process is used to determine the number of trips for each trip configuration. 
The number of trips for each trip configuration is based on the mode percentage of the main 
mode of travel. The mode percentage used is dependent on the travel reason.  The number of 
trips for each trip configuration is therefore generated using the mode information for the 
specific travel mode that apply to specific travel reason. However, the trips calculated at this 
step does not consider the travel mode characteristics of a typical global MaaS user. The 
characteristics are used to evaluate the percentage of viable trips for each trip configuration.  
 
Figure 7: Trip generation structure 
4.4.1 Process for evaluating MaaS trips 
The process for the analysis of the trip generation is shown in Figure 8. The process starts by 
generating trips for the possible MaaS configurations. This is achieved by first obtaining the 
base user information from the secondary sources for the population such as the number of 
users and the total number of trips per month for these users.  
The next step is to generate all possible trip configurations that are possible in Gauteng. 
Additional travel information for the specific travel modes is then needed to evaluate the modal 
share of each trip configuration. The modal share information is used to calculate the number 
of trips for each trip configuration per travel reason. 
However, this number of trips calculated at this step still had not considered any characteristics 
of a typical MaaS user from Table 10. The viability of each trip configuration needs to be 
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•First Transfer
•Second Transfer
Trip 
Configuration
•Workers
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evaluated. The travel mode and travel demand information from Table 10 is used to evaluate 
the viability of each transport mode using the travel mode characteristics. The populated 
viability information is used to evaluate the viability of each transport mode for each travel 
reason.  
The next step is to evaluate the number of users. The non-viable trips first need to be removed 
based on the viability analysis. The number of adjusted trips needs can be recalculated. Trip 
frequency information from the secondary sources is then used to calculate the number of users 
and potential revenue. 
The last step is to evaluate the MaaS user penetration for each travel reason. This will enable a 
comparison between the evaluation of MaaS from the population perspective and the 
evaluation of MaaS from the travel mode perspective.  
 
Figure 8: Process for evaluating MaaS configurations 
4.4.2 Generate Trips for possible MaaS configurations 
4.4.2.1 Obtain base travel information 
The base travel information is the travel information for the population. The travel information 
that is used is the base number of users, the trip frequency information and the total trips for 
the whole population for a month. The total trips and the number of users can be then be used 
to determine the average number of trips per user. 
Evaluate user penetration
Evaluate possible number of users
Re-evaluate number of trips
Use trip frequency information to 
calculate number of users
Determine potential revenue
Analyse viability of each configuration
Populate viability information for each travel reason Evaluate viability
Generate Trips for possible MaaS configurations
Obtain base travel 
information
Trip configuration generation Obtain travel information Calculate number of trips
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4.4.2.1.1 Obtain base number of users 
The base number of users for each travel reason is needed to evaluate the potential userbase of 
a specific MaaS configuration. The base number of users is obtained from the NHTS using the 
links to the secondary data from Table A. 3 and are shown in Table 13. The student category 
can be defined as all learners except pre-school and school learners. It is important to note that 
business trip users are a subset of  worker users. It is therefore assumed that business trip users 
follow the same characteristics as worker users where information is not available for business 
users. In cases where the information is not available for any other type of user, the general 
population statistic is used unless otherwise stated.  
Table 13: Base number of users 
Type of User Base Number (Thousands) 
Worker 5,141 
Student – Higher Education 357 
Student – Other 264 
Student - Total 621 
Business Trips Users 632 
Social Trips Users 5,917 
Social Trip Nights Users 4,036 
 
4.4.2.1.2 Obtain trip frequency information 
The total number of possible trips for each user type is obtained by using the trip frequency 
information from the NHTS for each travel reason. The link to the secondary data for the trip 
frequency information for the different travel reasons is shown in Table A. 5. The trip 
frequency information is available in bands, sometimes it has a range for example 1 – 4 days. 
It is assumed that the band can be represented by the average of the specific range is used in 
these cases.  
The frequency of travel distribution for workers is available in bands of 1 – 4 days per week, 5 
days per week, 6 days per week and 7 days per week. 2.5 days is therefore used for the band of 
1-4 days per week.  
The frequency of travel for students is also available in bands. Learners who fall under the 
higher education institution of other institutions are classified as students. The bands for 
students are either 5 days per week and the other band is everything else. This implies that the 
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distribution for students combines the bands of 1-4 days per week and 6-7 days per week into 
one band. It was chosen the represent this band as 3 days per week. The trip frequency 
information for business trip users is available as trip bands per month. The bands for business 
trip users are 1-5, 6-10, 11-15, 16-20 and 20+. The average of each band is used for representing 
the band, except the 20+ band. For the 20+ trips per month, the value of 23 trips per month is 
chosen to represent the band without causing an overinflated number of trips.  
The secondary sources do not provide information regarding social trips or social night trips. 
It is assumed that social trips have a frequency of 2 times per month and social night trips have 
a frequency of 1 time per month. These assumptions were made to ensure a conservative 
estimation of the possible number of trips that can contribute to the potential MaaS userbase. 
Table 14 shows the above process as well as the percentage value from the NHTS using the 
link to the secondary data from Table A. 5. The percentage value shows the percentage of the 
users, of a specific sub-category where applicable, that has the specific trip frequency, for 
example, 9% of the workers have a trip frequency of 1-4 times per week, while 64.8% of 
workers have a trip frequency of 5 times per week. The sub-category becomes applicable for 
the student users, where for example, 52.6% of the students in a higher educational institution 
travel 5 times per week. 
 
 
 
 
 
 
 
 
 
 
Chapter 4  Evaluate MaaS from Travel Mode perspective 
Page 51 
 
Table 14: Trip Frequency information 
User Sub-Cat Trip 
Frequency 
Range 
Measurement 
Assumption 
Unit % of Sub-
Cat per 
User 
Worker None 1-4 2.5 Week 9 
Worker None 5 5 Week 64.8 
Worker None 6 6 Week 15.5 
Worker None 7 7 Week 10.7 
Student Higher 
Education 
5 5 Week 52.6 
Student Higher 
Education 
Other 3 Week 47.4 
Student Other 5 5 Week 63.1 
Student Other Other 3 Week 36.9 
Business Trips None 1-5 Trips 3 Month 71.6 
Business Trips None 6-10 Trips 8 Month 13.2 
Business Trips None 11-15 Trips 13 Month 4.2 
Business Trips None 16-20 Trips 18 Month 4.1 
Business Trips None >20 Trips 23 Month 7.1 
Social Trips None 2 2 Month 100 
Social Night 
Trips 
None 1 1 Month 100 
 
4.4.2.1.3 Obtain base number of trips 
The total trips for the different types of travel reasons are calculated per month. The total trips 
can be calculated by first calculating the number of active users. The number of active users is 
calculated using the percentage of sub-cat per user from Table 14, and multiplying it with the 
base number of users in Table 13 to give the number of active users. The number of active 
users can be multiplied with the monthly trip frequency to give the number of trips per month. 
However, from Table 14 is can be seen that some of the units are per week and not per month. 
This indicates that measurement assumptions that are per week, needs to be converted to a 
monthly frequency. It is assumed that the measurement assumptions from Table 14 that are per 
week can be converted to months by multiplying it with four. The number of trips is therefore 
calculated by using the number of active users and multiplying it with the converted monthly 
frequency. The totals for each travel reason are added to get the total trips for the specific travel 
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reason. The example of the process to calculate the number of trips for students are shown in 
Table 15. 
Table 15: Calculation of total trips for Students 
User Sub-Cat Measurement 
Assumption 
(per week)  
% 
of 
sub-
cat 
Base 
Users 
Active 
Users 
Converted 
Monthly 
Freq 
Number 
of Trips 
(Monthly) 
Student Higher 
Education 
5 52.6 357,000 187,782 20 3,755,640 
3 47.4 357,000 169,218 12 2,030,616 
Other 5 63.1 264,000 166,584 20 3,331,680 
3 36.9 264,000 97,416 12 1,168,992 
Total       10,286,928 
The total number of possible trips for each travel reason is shown in Figure 9. Figure 9 shows 
that the majority (78%) of the total trips comes from workers.  
 
Figure 9: Total trips per travel reason 
4.4.2.1.4 Average trip per user 
The travel mode perspective cannot use the number of trips to determine the potential userbase 
of different MaaS configurations. The number of users that will use the system is needed. The 
number of users can be determined by using the number of trips generated and divide it with 
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the average trips per user per month. The average trips per user per month can be calculated by 
using the total trips for each travel reason as shown in Figure 9 and the base number of users 
as indicated in Table 13. The average trips per user per month are shown in Table 16. The table 
also indicates that while the social trips users and social night trips users have a large userbase, 
the low trip frequency will produce a low number of trips. The average trips per user from 
Table 16 can be used to calculate the number of users for each trip configuration once the 
number of trips is known. 
Table 16: Average trips per user for each travel reason 
User Number of Trips 
(Monthly) 
Users Avg Trips per 
User 
Business Trips 3,870,572  632,343            6.12  
Student 10,286,928  621,000          16.57  
Social Trips Nights 4,036,000  4,036,000            1.00  
Social Trips  11,834,000  5,917,000            2.00  
Worker 105,781,216  5,141,000          20.58  
 
4.4.2.2 Trip configuration generation 
To determine the possible number of trips, all possible trips configurations need to be 
identified. The steps for generating the different trip configurations are the following: 
1) Identify all possible transport modes 
2) Identify the number of possible transfers 
3) Recap rules for each trip configuration 
4) Generate all permutations of possible trip configurations 
4.4.2.2.1 Identify all possible transport modes. 
The possible transport modes that are available in Gauteng were obtained from Table 8. The 
main types of transport (bus, train, taxi, and ride-hailing) was used as the possible transport 
modes. 
4.4.2.2.2 Identify number of possible transfers 
A MaaS trip can consist of several transport modes, where a user transfers from one mode of 
transport to another. The possible trip configuration consists of all possible combinations of 
main modes and transfers using different transport modes. However, ride-hailing and taxi 
services provide a similar door-to-door service. It is therefore assumed that a trip cannot contain 
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both ride-hailing and taxi as a mode of transport. It is also important to consider that a MaaS 
trip can consist of only one mode of transport as well but a MaaS trip must contain at least a 
main mode of transport. Since there are four modes of transport, two of them cannot be used 
together. This indicates that a total of three transport modes is the maximum number of 
transport modes a trip can consist off. Since one of the modes need to be a main mode, a 
maximum of two transfers is allowed. It is important to note that if a user uses, for example, a 
train, the bus and again the train for a single trip, the train will only be used once in the trip 
configuration as either the main mode or the first transfer mode. 
4.4.2.2.3 Recap of rules for each trip configuration 
The generation of the possible trip configurations has now identified a few rules from above. 
The rules are used to ensure the possible trip configurations are generated correctly. The rules 
are as follows: 
1) A trip must have a main mode of transport either bus, taxi, train or ride-hailing. 
2) A trip configuration can consist of zero, one or two transfers. In cases where a trip 
consists only out of the main mode, or the main mode and one transfer, the other transfer 
mode is indicated as “None” 
3) A travel mode cannot be repeated for a single trip, this implies that each trip must have 
a different main mode, first transfer mode, and second transfer mode, except for 
“None”. 
4) Ride-Hailing and Taxi’s cannot be in the same trip. 
5) All possible permutation must be determined. 
4.4.2.2.4 Generate all permutations of possible trip configurations 
The possible trip configurations are generated using the rules explained above and are shown 
in Table 17. An example of the process is described below. 
Rule 1 above states that a trip must have a main mode of transport either bus, taxi, train or ride-
hailing. For this example, the main mode of bus is used. Since we now have a main mode of 
transport, we already have one trip configuration where the user only uses the bus service for 
the trip as indicated at number 1 in Table 17.  
The next step is to identify all possible combinations if the user uses one transfer for a trip. 
Since rule 3 states that a travel mode cannot be repeated, the bus cannot be used as the first 
transfer mode since it is already the main mode of transport. The other transport modes 
remaining are taxi, train, and ride-hailing. Rule 5 also states that all possible permutation must 
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be determined, which means that taxi, train and ride-hailing are each used as a first transfer 
mode and therefore different trips. The trip configurations for these are shown in Table 17 at 
number 2, 4 and 6. 
The final step is to identify all possible combinations if the used two transfers for a trip. The 
trip configurations that had one transfer mode form the base for the second transfer mode. For 
example, in trip configuration #2 in Table 17, the main mode of transport is bus and ride-hailing 
is the first transfer mode. The remaining transport modes that could be the second transfer 
mode are trains and taxi. However, rule 4 above states that ride-hailing and taxi cannot be on 
the same trip. This implied that only the train can be the transport mode for the second transfer 
as shown in Table 17 at #3. Trip configuration #5 uses the bus as the main mode, taxi as the 
first transfer mode and lastly train as the second transfer mode. Trip configuration #7 and #8 
shows the possible second transfer trips using trip configuration #6, with the bus as the main 
mode, train as the first transfer mode, and ride-hailing and taxi as the second transfer modes 
respectively.  
A total of 26 possible trip configurations were identified using these rules and process for 
Gauteng. The possible trip configurations are shown in Table 17 where the trip configurations 
consist out of the main mode, a first transfer, and the second transfer. In cases where a trip 
configuration contains only one or two types of travel modes, the first or second transfer is 
indicated as “None”. 
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Table 17: Possible Trip Configurations 
# Trip Configuration Main Mode First Transfer Second Transfer 
1 Bus Bus None None 
2 Bus-Ride-Hailing Bus Ride-Hailing None 
3 Bus-Ride-Hailing-Train Bus Ride-Hailing Train 
4 Bus-Taxi Bus Taxi None 
5 Bus-Taxi-Train Bus Taxi Train 
6 Bus-Train Bus Train None 
7 Bus-Train-Ride-Hailing Bus Train Ride-Hailing 
8 Bus-Train-Taxi Bus Train Taxi 
9 Ride-Hailing Ride-Hailing None None 
10 Ride-Hailing-Bus Ride-Hailing Bus None 
11 Ride-Hailing-Bus-Train Ride-Hailing Bus Train 
12 Ride-Hailing-Train Ride-Hailing Train None 
13 Ride-Hailing-Train-Bus Ride-Hailing Train Bus 
14 Taxi Taxi None None 
15 Taxi-Bus Taxi Bus None 
16 Taxi-Bus-Train Taxi Bus Train 
17 Taxi-Train Taxi Train None 
18 Taxi-Train-Bus Taxi Train Bus 
19 Train Train None None 
20 Train-Bus Train Bus None 
21 Train-Bus-Ride-Hailing Train Bus Ride-Hailing 
22 Train-Bus-Taxi Train Bus Taxi 
23 Train-Ride-Hailing Train Ride-Hailing None 
24 Train-Ride-Hailing-Bus Train Ride-Hailing Bus 
25 Train-Taxi Train Taxi None 
26 Train-Taxi-Bus Train Taxi Bus 
 
4.4.2.3 Obtain travel information for each travel mode 
The different trip configurations have now been generated and are shown in Table 17. The next 
step would be to calculate the number of trips for each trip configuration. However,  to calculate 
this, the mode share of each trip configuration needs to be determined so that it can multiplied 
with the base number of trips for that specific type of user. The following information is 
required: 
1) The modal share of the main mode for each type of travel reason, and 
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2) The distribution of the number of transport changes used for a specific travel mode. 
The modal share information for each type of travel is available in the secondary source per 
travel reason. Table A. 4 in the appendix shows the link to the relevant secondary data. Table 
18 below shows the summary of the mode share information which is obtained for each travel 
reason from the links to the secondary data as shown in Table A. 4. Mode information is not 
provided for ride-hailing services due to it not being part of the survey from NHTS. It is 
assumed that ride-hailing has a mode share of 1 % and follows the transfer distribution of taxis 
due to the similar service offered. The 1 % mode share is used because ride-hailing is still a 
relatively new service and to not cause an overestimation of the number of trips or users it may 
have. The 1% modal share also causes the assumption regarding the transfer distribution to be 
almost neglectable  
Table 18: Mode Share information for each travel reason per travel mode 
Travel 
Reason 
Business 
Trips % 
Social 
Trips % 
Social Trips 
Nights % 
Student 
% 
Worker 
% 
Bus 3.1 5.2 11.9 6 5.1 
Ride-Hailing 1 1 1 1 1 
Taxi 11 38.4 36.2 22.4 30.4 
Train 1.6 2.3 3.2 2.3 7.4 
Grand Total 16.7 46.9 52.3 31.7 43.9 
It is assumed that the number of transfers for each transport mode is the same for all travel 
reasons since information the transfer information is only available for the worker user. This 
implies that the distribution of the number of transfers from the worker user applies to all the 
other reason for travel as well. Table 19 below shows the distribution of mode transfers for the 
specific travel modes which is obtained using the multi-mode information from NHTS with 
the links in Table A. 4. This research only considered trips that use 2 transfers, although the 
data from the secondary sources provided information for a third transfer as well. It is assumed 
that information for the third transfer is added to the second transfer to allow for a complete 
evaluation of the main mode of transport. It is also assumed that the transfer distribution of 
ride-hailing is the same as the transfer distribution of the taxi travel mode due to the similarity 
in the type of service they provide. Table 18 and Table 19 provides the travel information that 
is needed to determine the number of trips for each trip configuration, which is next. 
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Table 19: Distribution of transfers for each travel mode 
Travel Mode 0 – Transfers % 1 – Transfer % 2 – Transfers % Grand Total % 
Bus 78.2 19.3 2.5 100 
Ride-Hailing 84.3 13.6 2.1 100 
Taxi 84.3 13.6 2.1 100 
Train 54.2 40.5 5.3 100 
 
4.4.2.4 Calculate number of trips 
Each trip configuration in Table 17 consists of a main mode of transport and a certain number 
of transfers. It is assumed that the modal share of the main mode in Table 18 is split between 
all trip configurations with that transport mode as its main mode. The splitting of the modal 
share is based on the number of transfers the specific trip configuration uses from Table 19 and 
the modal share of the main mode of transport from Table 18.  To illustrate the splitting of a 
specific mode share between the different trip configurations, a splitting multiplier is used.  
The formula for the splitting multiplier is shown below. The 𝑛𝑢𝑚𝑏𝑒𝑟_𝑜𝑓_𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟𝑠_% is the 
percentage from Table 19 where the travel mode is the main mode for the specific trip 
configuration and the number of transfers is the number of transfers the specific trip 
configuration has. The 𝑎𝑝𝑝𝑙𝑖𝑐𝑎𝑏𝑙𝑒_𝑐𝑜𝑛𝑓𝑖𝑔𝑠 is the number of trip configurations from Table 
17 that uses the same main mode of transport and has the same number of transfers as the 
specific trip configuration. The splitting multiplier is multiplied with the mode % of the main 
mode of transport from Table 18 to get the modal percentage of the specific trip configuration. 
It is important to note that since each travel reason has its mode % information, the trip 
configuration modal share needs to be calculated for each travel reason.  
𝑠𝑝𝑙𝑖𝑡𝑡𝑖𝑛𝑔_𝑚𝑢𝑙𝑡𝑖𝑝𝑙𝑖𝑒𝑟 =
𝑛𝑢𝑚𝑏𝑒𝑟_𝑜𝑓_𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟𝑠_% 
𝑎𝑝𝑝𝑙𝑖𝑐𝑎𝑏𝑙𝑒_𝑐𝑜𝑛𝑓𝑖𝑔𝑠 
          ( 1 ) 
The splitting multiplier for the different trip configurations is shown in Table A. 6 in the 
Appendix. The process for calculating the splitting multiplier for the bus main mode is 
described below.  
From Table A. 6, there are a total of 8 trip configurations that use the bus as the main mode of 
transport. The number of transfers for each trip configuration is also indicated. The splitting 
multiplier is calculated for each number of transfers. For the configuration with zero transfers, 
there is only trip configuration #1 with bus as the main mode of transport has zero transfers. 
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The variable 𝑛𝑢𝑚𝑏𝑒𝑟_𝑜𝑓_𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟𝑠_% is determined to be 78.2% from Table 19 with the 
bus as the main mode and zero transfers. The variable 𝑎𝑝𝑝𝑙𝑖𝑐𝑎𝑏𝑙𝑒_𝑐𝑜𝑛𝑓𝑖𝑔𝑠 is determined to 
be one since there is only one trip configuration with the bus as the main mode with zero 
transfers. The splitting multiplier for trip configuration #1 is therefore 78.2%. 
The trip configuration with only one transfer with the bus as the main mode of transport from 
Table A. 6 is #2, #4 and #6. The variable 𝑎𝑝𝑝𝑙𝑖𝑐𝑎𝑏𝑙𝑒_𝑐𝑜𝑛𝑓𝑖𝑔𝑠 is therefore three. The 
𝑛𝑢𝑚𝑏𝑒𝑟_𝑜𝑓_𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟𝑠_% is obtained from Table 19 to be 19.3%. The splitting multiplier for 
trip configurations #2, #4 and #6 is therefore 6.43%. 
The trip configurations #3, #5, #7, and #8 are the trip configurations with bus as the main mode 
of transfers and with two transfers. The variable 𝑎𝑝𝑝𝑙𝑖𝑐𝑎𝑏𝑙𝑒_𝑐𝑜𝑛𝑓𝑖𝑔𝑠 is therefore four. The 
𝑛𝑢𝑚𝑏𝑒𝑟_𝑜𝑓_𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟𝑠_% is obtained from Table 19 to be 2.5%. The splitting multiplier for 
these trip configurations is therefore 0.62% 
The splitting multiplier will, therefore, split the trips evenly between the trip configurations 
with the same number of transfers for a specific main mode of travel. The total number of trips 
per month for each trip configuration can now be calculated using the splitting multiplier and 
multiplying it with the mode share information from Table 18. This value is then multiplied 
with the total number of trips for each travel reason from Figure 9. The result is shown in Table 
20. An example of this calculation is described below for trip configuration #1 and the Business 
Trip Users. 
The splitting multiplier configuration #1 was determined to be 78.2%. The splitting multiplier 
is multiplied with the mode share information from Table 18. The mode share information for 
the bus main mode of transport for business trips is 3.1%. The value of 3.1% is then multiplied 
with 78.2% to give a value of approximately 2.42%. The value of 2.42% is multiplied with the 
total trips for business trip users from Figure 9. The total trips for business users from Figure 
9 are 3,870,572. The total trips for trip configuration #1 are therefore 2.42% times 3,870,572, 
which gives 93,830 trips. 
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Table 20: Trips for each travel reason per trip configuration 
# Trip 
Configuration 
Business 
Trips 
Social Trips Social Trips 
Nights 
Student Worker Grand 
Total 
1 Bus 93,830 295,949 144,599 482,663 3,631,141 4,648,182 
2 Bus-Ride-
Hailing 
7,719 24,347 11,896 39,708 298,726 382,395 
3 Bus-Ride-
Hailing-Train 
750 2,365 1,156 3,858 29,021 37,150 
4 Bus-Taxi 7,719 24,347 11,896 39,708 298,726 382,395 
5 Bus-Taxi-
Train 
750 2,365 1,156 3,858 29,021 37,150 
6 Bus-Train 7,719 24,347 11,896 39,708 298,726 382,395 
7 Bus-Train-
Ride-Hailing 
750 2,365 1,156 3,858 29,021 37,150 
8 Bus-Train-
Taxi 
750 2,365 1,156 3,858 29,021 37,150 
9 Ride-Hailing 32,629 61,353 13,099 86,719 767,527 961,327 
10 Ride-Hailing-
Bus 
2,632 4,949 1,057 6,995 61,912 77,545 
11 Ride-Hailing-
Bus-Train 
406 764 163 1,080 9,560 11,974 
12 Ride-Hailing-
Train 
2,632 4,949 1,057 6,995 61,912 77,545 
13 Ride-Hailing-
Train-Bus 
406 764 163 1,080 9,560 11,974 
14 Taxi 358,918 2,355,947 474,185 1,942,501 23,332,825 28,464,376 
15 Taxi-Bus 28,952 190,041 38,250 156,690 1,882,126 2,296,059 
16 Taxi-Bus-
Train 
4,471 29,345 5,906 24,195 290,622 354,538 
17 Taxi-Train 28,952 190,041 38,250 156,690 1,882,126 2,296,059 
18 Taxi-Train-
Bus 
4,471 29,345 5,906 24,195 290,622 354,538 
19 Train 33,566 90,726 26,950 128,237 3,651,717 3,931,197 
20 Train-Bus 8,360 22,598 6,713 31,941 909,561 979,173 
21 Train-Bus-
Ride-Hailing 
821 2,218 659 3,135 89,272 96,104 
22 Train-Bus-
Taxi 
821 2,218 659 3,135 89,272 96,104 
23 Train-Ride-
Hailing 
8,360 22,598 6,713 31,941 909,561 979,173 
24 Train-Ride-
Hailing-Bus 
821 2,218 659 3,135 89,272 96,104 
25 Train-Taxi 8,360 22,598 6,713 31,941 909,561 979,173 
26 Train-Taxi-
Bus 
821 2,218 659 3,135 89,272 96,104 
 Grand Total 646,385 3,413,340 812,669 3,260,956 39,969,681 48,103,031 
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Based on the overall total trips of the population in Figure 9 and the total potential MaaS trips 
of Table 20, it can be seen that the total trips of Table 20 are less than the total of Figure 9. The 
total trips of  Table 20 and Figure 9 are shown in Table 21 as well as the ratio of the two totals. 
This gives an indication of the number of possible MaaS trips towards the trips of the entire 
population. The percentages calculated are also the same as the totals in Table 18. This is 
because of the mode % that was used to distribute the trips to the various travel modes, was 
based on the modal share of the main mode of travel. 
Table 21: Total Trip Summary 
Travel 
Reason 
Total Potential 
MaaS Trips 
Total 
Population 
Trips 
% Potential MaaS 
Trips of Total 
Population 
Business 
Trips 
646,385 3,870,572 16.7% 
Social 
Trips 
3,413,340 11,834,000 46.9% 
Social 
Trips 
Nights 
812,669 4,036,000 52.3% 
Student 3,260,956 10,286,928 31.7% 
Worker 39,969,681 91,047,110 43.9% 
 
4.4.3 Viability analysis of Trip Mode 
4.4.3.1 Populate viability information for each travel reason 
The total trips generated for the different trip configuration in Table 20 shows the optimal 
number of trips for a MaaS operation. The travel mode characteristics for a typical global MaaS 
user from Table 6 were still not considered during the analysis. The travel mode characteristics 
can be used to determine the percentage viability of each main mode of travel for different 
travel reason. The percentage viability of each trip configuration will indicate what percentage 
of its potential trips are viable for a typical global MaaS user.  
The viability of trip configuration is based on the viability of each transport mode for each 
travel reason. The viability of each transport mode within the trip configuration is based on the 
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quantified MaaS user characteristics from Table 12. Table 22 shows the quantified criteria from 
Table 12 that relates to the travel demand and travel mode characteristics. 
Table 22: Viability mode criteria 
Main 
Factor 
Attribute Measure Quantified value assumption 
Travel 
Demand 
Travel Reason Reasons for using 
MaaS 
Worker, Business Trips, Student, Social Night Trips 
Travel 
Mode 
Trip Cost Monthly Trip Costs 
per Travel Mode 
Monthly trip costs > 200 
Service 
Quality 
Availability Non-use of service due to Availability 
Travel Time Walking time to travel mode less than 15 min 
Walking time from travel mode less than 15 min 
Waiting time less than 10 min 
Overall perception of 
service 
No service-related problems 
Convenience 
and reliability 
Same as service 
quality 
N/A 
The process for this analysis is similar to the process used in Section 4.3.1, where the value of 
the quantified MaaS user characteristics is obtained using the information from the related link 
to the secondary data from Table A. 2. The specific percentage of the travel reason of the 
population that falls within the quantified MaaS user description is looked up for each measure 
from the secondary data source using the related link from Table A. 2.  
4.4.3.1.1 Viable transport mode information for Workers and Business Trip Users 
The viability of the various transport modes for workers and business trip users is assumed to 
be the same. This is because the business trip users are a subset of the worker users. Table 23 
shows the populated information for the Workers and Business Trip Users. 
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Table 23: Viability information for workers and business trip users 
Attribute Measure Quantified value 
assumption 
Train 
% 
Bus % Taxi 
% 
Ride-
Hailing% 
Trip Cost Monthly Trip 
Costs per 
Travel Mode 
Monthly trip costs > 200 58.2 95.1 96.9 98.51 
Service Quality Availability Non-use of service due to 
Availability2 
77.9 75.3 95 95 
Travel Time Walking time to travel 
mode less than 15 min 
61.9 82.2 88.1 88.1 
Walking time from travel 
mode less than 15 min3 
83.6 83.6 83.6 83.6 
Waiting time less than 10 
min4 
78.2 78.2 78.2 78.2 
Overall 
perception of 
service 
No service-related 
problems5 
61.3 67 59.3 806 
Convenience 
and reliability 
Same as 
service 
quality 
N/A N/A N/A N/A N/A 
The viability of each travel mode for workers and business trip users is evaluated using the 
same methodology as described in Section 4.3.2 where the values of the different measures is 
multiplied with each other. This is because the relationship between the several measures are 
not known. The process for calculating the viability for each travel mode is shown in Figure 
10 where the values for the different steps are from Table 23. 
 
1 The monthly cost for ride-hailing is assumed to be similar to that of being a passenger in a private vehicle. The 
rest of the measures for ride-hailing is the same as taxi-service unless otherwise stated. 
2 The availability information is not available per travel reason but for the general households. 
3 Information are only available for the combined public transport services, not per travel mode.   
4 Information are only available for the combined public transport services, not per travel mode.   
5 The service-related information is not available per travel reason but for the general households.  
6 The service quality for Ride-hailing services are assumed to be better than other forms of transport modes. 
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Figure 10: Viability analysis for worker and business trip users 
The results from the final step in Figure 10, indicated the viability percentage for each transport 
mode. The percentage indicates what percentage of the total trip from Table 20 is valid based 
on the main mode of transport. The viability of the different transport modes for the worker 
and business trip users are as follows: 
1) Trains: 18.35% 
2) Bus: 25.75% 
3) Taxi: 31.44%, and 
Steps
Start with 
100%
Monthly Trip 
Costs
Non-use of 
service due to 
availability
Walking time 
to travel mode
Walking time 
from travel 
mode
Waiting time 
No service-
related 
problems
Train
100%
58.2% * 100% 
= 58.2%
77.9% * 58.2% 
= 45.34%
61.9% * 
45.34% = 
28.06%
83.6% * 
28.06% = 
23.46%
78.2% * 
23.46% = 
18.35%
61.3% * 
18.35% = 
18.35%
Bus
100%
95.1% * 100% 
= 95.1%
75.3% * 95.1% 
=71.61%
82.2% * 
71.61% = 
58.86%
83.6% * 
58.86% = 
49.21%
78.2% * 
49.21% = 
38.48%
67% * 38.48% 
= 25.78%
Taxi
100%
96.9% * 100% 
= 96.9%
95% * 96.9% = 
92.06%
88.1% * 
92.06% = 
81.1%
83.6% * 81.1% 
= 67.8%
78.2% * 67.8% 
= 53.02%
59.3% * 
53.02% = 
31.44%
Ride-
Hailing
100%
98.5% * 100% 
= 98.5%
95% * 98.5% = 
93.58%
88.1% * 
93.58% = 
82.44%
83.6% * 
82.44% = 
68.92%
78.2% * 
68.92% = 
53.90%
80% * 53.90% 
= 43.12%
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4) Ride-Hailing: 43.12% 
4.4.3.1.2 Viable transport mode information for Students 
The viability information such as travel time and monthly costs are available for students in 
the NHTS. Other measures such as the availability and overall perception of service, will be 
the same as the worker travel reason since the data is only available for the general households. 
The populated information for the student travel reason is shown in Table 24. 
Table 24: Viability information for students 
Attribute Measure Quantified value 
assumption 
Train 
% 
Bus 
% 
Taxi 
% 
Ride-
Hailing 
% 
Trip Cost Monthly Trip 
Costs per 
Travel Mode 
Monthly trip costs > 
200 
49.1 79.1 89.4 84.2 
Service Quality Availability No use of service due 
to Availability 
77.9 75.3 95 95 
Travel Time7 Walking time to 
travel mode less than 
15 min 
92.8 92.8 92.8 92.8 
 
Walking time from 
travel mode less than 
15 min 
94.8 94.8 94.8 94.8 
Waiting time less 
than 15 min8 
95.3 95.3 95.3 95.3 
Overall 
perception of 
service 
No service-related 
problems 
61.3 67 59.3 80 
Convenience 
and reliability 
Same as 
service 
quality 
N/A N/A N/A N/A N/A 
The viability for each travel mode for Students is calculated the same way as the viability for 
the worker and business trip users were calculated using Figure 10. The percentages used are 
 
7 Information are only available for the combined public transport services, not per travel mode.   
8 The waiting time information for students does not have a band for smaller than 10 minutes but only for smaller 
than 15 minutes. The value of the smaller than 15 minutes is used since no accurate estimation can be made 
regarding the waiting time of less than 10 minutes. 
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however from Table 24 and not from Table 23, as to represent the student travel reason. The 
calculated viability of the different transport modes is as follows: 
1) Trains: 19.66% 
2) Bus: 33.46% 
3) Taxi: 42.22%, and 
4) Ride-Hailing: 52.03% 
4.4.3.1.3 Viable transport mode information for Social Trip Users and Social Night Trip 
Users. 
Although information regarding the preferences of social trip users and social night trip users 
is not available from the data sources, it is assumed that the average values of the Student and 
Worker profile can be used for the viability analysis. However, from Table 10, it can be seen 
that social trips do not form part of the travel demand factor for a typical global MaaS user. 
This implies that all social trips are not viable for a potential MaaS user. The populated viability 
information is shown in Table 25. 
Table 25: Viability information for social day trip and social night trips 
Attribute Measure Quantified value 
assumption 
Train Bus Taxi Ride-
Hailing 
Trip Cost Monthly Trip Costs 
per Travel Mode 
Monthly trip costs > 200 53.65 87.1 93.15 91.35 
Service Quality Availability No use of service due to 
Availability 
77.9 75.3 95 95 
Travel Time Walking time to travel 
mode less than 15 min 
77.35 87.5 90.45 90 
Walking time from travel 
mode less than 15 min 
89.2 89.2 89.2 89.2 
Waiting time less than 10 
min 
86.75 86.75 86.75 86.75 
Overall perception 
of service 
No service-related 
problems 
61.3 67 59.3 80 
Convenience 
and reliability 
Same as service 
quality 
N/A N/A N/A N/A N/A 
The viability for each travel mode for social night trips and social trips is calculated the same 
way as the viability for the worker and business trip users were calculated using Figure 10. 
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However, due to the non-viability of social trips as a travel reason, the viability of all travel 
modes of social trips are assumed to be 0%.  Only the social night trips is, therefore, a viable 
travel reason and the process from Figure 10 is followed to determine the viability. The 
percentages used from Figure 10 are however from Table 25 and not from Table 23. The 
calculated viability of the different transport modes is as follows: 
1) Trains: 15.33% 
2) Bus: 29.75% 
3) Taxi: 36.73%, and 
4) Ride-Hailing: 47.84% 
4.4.3.2 Evaluate viability 
The viability of each travel mode for each travel reason is evaluated using the same 
methodology as described in Section 4.3.2 where the values of the different measures is 
multiplied with each other. The process to obtain the results as well as the result of the viability 
analysis for each of the travel modes per travel reason was explained above. Table 26 below 
shows the travel mode viability of each travel mode for a typical MaaS user. 
Table 26: Trip mode viability summary 
Mode Worker Student Business 
Trips 
Social Trip 
Users 
Social Night 
Trip Users 
Taxi 31.44% 42.22% 31.44% 0% 36.73% 
Train 11.25% 19.66% 11.25% 0% 15.33% 
Bus 25.78% 33.46% 25.78% 0% 29.75% 
Ride-Hailing 43.12% 52.03% 43.12% 0% 47.84% 
As can be seen from Table 26, the viability for all transport modes for the social trip users is 
0%. It can also be seen that ride-hailing has the highest viability when compared to the other 
modes of transport. This is because of the assumption that ride-hailing services will provide 
better service quality than the other modes of transport. The viability of the different transport 
modes for the student reason for travel is also higher than the other reason for travel. This is 
mostly due to better travel time percentages. The viability of trains is lower than the other 
modes of transport. This could be explained by the trip costs attribute where trains do not have 
a lot of expensive trips.   
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4.4.4 Evaluate possible number of users 
To calculate the user penetration for the different types of users, the number of trips generated 
by the different trip configuration needs to be re-evaluated. The re-evaluation is needed to 
account for the viability information in Table 26. 
4.4.4.1 Re-evaluate number of trips 
The number of trips calculated is now calculated by using the viability information in Table 26 
and multiplying it to the total trips generated for each trip configuration in Table 20. It is 
assumed that the viability information for each travel reason and travel mode is applied to the 
specific trip based only on its main mode and the travel reason. An example of trip 
configuration #1 and business trips is described next. The main mode of travel of trip 
configuration #1 is the bus. The viability of information from Table 26 that are applied to 
business trips and bus as a mode of transport is 25.78%. The 25.78% is multiplied with the 
previously calculated trips for the specific trip configuration and travel reason from Table 20. 
In this case, the previously calculated trips were 93,830. This indicates that 25.78% of the 
93,830 trips are valid for trip configuration #1. This evaluated to a total of 24,192 trips. The 
same process was followed to re-evaluate all the trips for each trip configurations per travel 
reason. The re-evaluated trips for each trip configuration for each travel reason is shown below 
in Table 27. 
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Table 27: Adjusted trips for each trip configuration for each travel reason 
# Trip 
Configuration 
Business 
Trips 
Social 
Trips 
Social 
Trips 
Nights 
Student Worker Grand Total 
1 Bus 24,192 0 111,747 161,488 1,087,729 1,385,156 
2 Bus-Ride-
Hailing 
1,990 0 9,193 13,285 89,485 113,954 
3 Bus-Ride-
Hailing-Train 
193 0 893 1,291 8,693 11,071 
4 Bus-Taxi 1,990 0 9,193 13,285 89,485 113,954 
5 Bus-Taxi-Train 193 0 893 1,291 8,693 11,071 
6 Bus-Train 1,990 0 9,193 13,285 89,485 113,954 
7 Bus-Train-Ride-
Hailing 
193 0 893 1,291 8,693 11,071 
8 Bus-Train-Taxi 193 0 893 1,291 8,693 11,071 
9 Ride-Hailing 14,068 0 16,277 45,121 384,481 459,948 
10 Ride-Hailing-
Bus 
1,135 0 1,313 3,640 31,014 37,101 
11 Ride-Hailing-
Bus-Train 
175 0 203 562 4,789 5,729 
12 Ride-Hailing-
Train 
1,135 0 1,313 3,640 31,014 37,101 
13 Ride-Hailing-
Train-Bus 
175 0 203 562 4,789 5,729 
14 Taxi 112,846 0 452,367 820,212 8,523,162 9,908,588 
15 Taxi-Bus 9,103 0 36,490 66,162 687,515 799,269 
16 Taxi-Bus-Train 1,406 0 5,634 10,216 106,160 123,417 
17 Taxi-Train 9,103 0 36,490 66,162 687,515 799,269 
18 Taxi-Train-Bus 1,406 0 5,634 10,216 106,160 123,417 
19 Train 3,775 0 10,734 25,208 477,160 516,877 
20 Train-Bus 940 0 2,674 6,279 118,850 128,743 
21 Train-Bus-Ride-
Hailing 
92 0 262 616 11,665 12,636 
22 Train-Bus-Taxi 92 0 262 616 11,665 12,636 
23 Train-Ride-
Hailing 
940 0 2,674 6,279 118,850 128,743 
24 Train-Ride-
Hailing-Bus 
92 0 262 616 11,665 12,636 
25 Train-Taxi 940 0 2,674 6,279 118,850 128,743 
26 Train-Taxi-Bus 92 0 262 616 11,665 12,636 
 Grand Total 188,452 0 718,628 1,279,509 12,837,926 15,024,514 
The adjusted trip totals can be compared to the total potential MaaS trips and the total 
population trips from Table 21. The percentage of the previously calculated number of trips as 
well as the percentage of the overall trips is also indicated in Table 28. Table 28 indicated that 
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the adjusted trips have at least a 30% modal share when compared to the total potential MaaS 
trips due to the viability analysis. This percentage can be considered a good market share since 
it means that based on the characteristics of a typical MaaS user, the initial userbase will 
contribute at least 30% of the potential MaaS trips. However, when compared to the population 
trips, only the modal share of social night trips is a significant portion of the overall population. 
Table 28: Adjusted Trips Summary 
Trip 
Configuration 
Total 
Population 
Trips 
Total 
Potential 
MaaS 
Trips 
Adjusted Trips % of 
potential 
MaaS Trips 
% of 
Population 
Trips 
Business Trips 3,870,572 646,385 188,452 29.15% 4.87% 
Social Trips 10,286,928 5,550,146 0 0.00% 0.00% 
Social Trips Nights 4,036,000 2,110,828 718,628 34.04% 17.81% 
Student 11,834,000 3,260,956 1,279,509 39.24% 10.81% 
Worker 105,781,216 46,437,954 12,837,926 27.65% 12.14% 
 
4.4.4.2 Use trip frequency information to calculate number of users 
The number of users per trip configuration can be calculated by using the number of trips per 
trip configuration in Table 27 and the average trip frequency information per travel reason from 
Table 16. The number of trips for trip configuration #1 for business trips was determined to be 
24,192 from Table 27. The average trips per business trip user per month is 6.12 trip per month 
from Table 16. The number of business trip users for trip configuration #1 is 24,192 trips 
divided by 6.12 average trips per user, which gives approximately 3,952 users. The number of 
users per trip configuration and travel reason is shown in Table 29.  
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Table 29: Number of users per trip configuration 
Nr Trip 
Configuration 
Business 
Trips 
Social 
Trips 
Social 
Trips 
Nights 
Student Worker Grand 
Total 
1 Bus 3,952 0 111,747 9,749 52,864 178,312 
2 Bus-Ride-Hailing 325 0 9,193 802 4,349 14,669 
3 Bus-Ride-Hailing-
Train 
32 0 893 78 423 1,425 
4 Bus-Taxi 325 0 9,193 802 4,349 14,669 
5 Bus-Taxi-Train 32 0 893 78 423 1,425 
6 Bus-Train 325 0 9,193 802 4,349 14,669 
7 Bus-Train-Ride-
Hailing 
32 0 893 78 423 1,425 
8 Bus-Train-Taxi 32 0 893 78 423 1,425 
9 Ride-Hailing 2,298 0 16,277 2,724 18,686 39,985 
10 Ride-Hailing-Bus 185 0 1,313 220 1,507 3,225 
11 Ride-Hailing-Bus-
Train 
29 0 203 34 233 498 
12 Ride-Hailing-Train 185 0 1,313 220 1,507 3,225 
13 Ride-Hailing-
Train-Bus 
29 0 203 34 233 498 
14 Taxi 18,436 0 452,367 49,514 414,228 934,546 
15 Taxi-Bus 1,487 0 36,490 3,994 33,413 75,385 
16 Taxi-Bus-Train 230 0 5,634 617 5,159 11,640 
17 Taxi-Train 1,487 0 36,490 3,994 33,413 75,385 
18 Taxi-Train-Bus 230 0 5,634 617 5,159 11,640 
19 Train 617 0 10,734 1,522 23,190 36,063 
20 Train-Bus 154 0 2,674 379 5,776 8,982 
21 Train-Bus-Ride-
Hailing 
15 0 262 37 567 882 
22 Train-Bus-Taxi 15 0 262 37 567 882 
23 Train-Ride-Hailing 154 0 2,674 379 5,776 8,982 
24 Train-Ride-
Hailing-Bus 
15 0 262 37 567 882 
25 Train-Taxi 154 0 2,674 379 5,776 8,982 
26 Train-Taxi-Bus 15 0 262 37 567 882 
 Grand Total 30,788 0 718,628 77,241 623,927 1,450,584 
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Table 30 shows the number of users per main mode of transport. Since a user can use MaaS 
for more than one travel reason, i.e. to go to work and for business trips or social night trips, 
the total number of users provided in Table 30 is not the number of unique users. The number 
of users that is calculated for taxi services are significant as it is a large portion of the overall 
users. This could serve as motivation as to why taxi services should be included in MaaS, but 
it also indicates the potential userbase that could be lost if taxi services are not included in 
MaaS. The total users calculated from Table 30 could still be used to estimate the potential 
revenue since the cost is determined per user for each travel reason and not per unique users 
overall. 
Table 30: Users per main mode of transport and travel reason 
Main Travel 
mode 
Business 
Trips Users 
Social 
Trips 
Users 
Social 
Trips 
Nights 
Users 
Students Workers Grand 
Total 
Bus 5,054 0 142,899 12,466 67,601 228,020 
Ride-Hailing 2,726 0 19,308 3,231 22,166 47,432 
Taxi 21,869 0 536,616 58,736 491,374 1,108,596 
Train 1,138 0 19,804 2,808 42,786 66,536 
Grand Total 30,788 0 718,628 77,241 623,927 1,450,584 
 
4.4.4.3 Determine potential revenue 
The potential revue is the estimated cost that the users will use on trips. The potential revenue 
is needed as it is a KPI for the evaluation of the potential userbase of different MaaS 
configurations based on socio-demographic information as mentioned in Section 3.5. To 
calculate the costs to the user, the average cost per travel mode per user is needed as well as 
the number of users per travel reason. The number of users per main mode of travel per travel 
reason is shown in Table 30. However, the cost of the trip cannot just be based on the main 
mode of travel as a trip can consists of several transport modes. The number of users for the 
different travel reasons and modes of travel for the main mode, first transfer mode, and second 
transfer mode are shown in Table 30 and Table 31 respectively. These values are obtained by 
adding the number of users from the different trip configurations calculated in Table 29 that 
contain the specific mode of transport as its first or second mode of transport for the specific 
travel reason. For example, trip configurations #10, #11, #15, #16, #20, #21, and #22 from 
Table 29 had bus as a first transfer mode. Therefore, by adding the number of users of these 
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trip configurations, the number of users that use buses as a first transfer mode can be 
determined per travel reason. It is important to note that the users from the first transfer and the 
second mode of transfer are part of the users from the main mode of transport users. 
Table 31: Users for first and second transfer travel modes 
 Travel Mode Business 
Trips Users 
Social 
Trips 
Users 
Social Trips 
Nights Users 
Student Worker 
First 
Transfer 
Bus 2,115 0 46,838 5,318 47,223 
Ride-Hailing 525 0 13,022 1,296 11,115 
Taxi 525 0 13,022 1,296 11,115 
Train 2,319 0 54,619 5,822 45,507 
Second 
Transfer 
Bus 288 0 6,362 725 6,526 
Ride-Hailing 47 0 1,156 115 989 
Taxi 47 0 1,156 115 989 
Train 321 0 7,623 806 6,237 
The average cost per travel mode per month is available from the NHTS as indicated in Table 
A. 2 under the cost attribute for the travel mode factor. No unit is given for the currency, it is 
assumed to be in Rand. The average cost per month for each travel mode is available for the 
worker and student travel reason from the links in Table A. 2 as shown in Table 32. The costs 
for ride-hailing services are assumed to the same as those of being a passenger in a private 
vehicle.  
Table 32: Average costs per month per travel month for workers and students 
Travel Reason Bus Ride-Hailing Taxi Train 
Student R 457 R 604 R 422 R 557 
Worker R 580 R 881 R 628 R 467 
It is assumed that the average monthly cost for business trips is based on the average monthly 
costs for the worker user and that the average monthly costs for social trips and social night 
trips are based on the average of the costs of the student and the worker user. However, because 
the different types of users have different trip frequencies, the costs need to be normalized. The 
normalization is based on the average number of trips per travel reason per user from Table 16. 
The normalization is achieved by taking the average cost per travel mode of the student or 
worker reason from Table 32, dividing it by the average number of trips per user for that 
specific travel reason from Table 16, and multiplying it by the average number of trips per user 
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of the desired travel reason from Table 16. For example, the normalized costs of the bus mode 
of transport for the business trip user is based on the average costs of the worker user. The 
average monthly cost for using the bus as a main mode of transport for a worker user is R 580 
from Table 32. However, from Table 16, workers have an average of 20.58 trips per user while 
business trips only have an average of 6.12 trips per user. The cost that was based on the worker 
user, therefore, needs to be normalized to fit the trip frequency of the business trip users. The 
cost for the bus main mode of transport for workers (R580) is divided by the trip frequency of 
the worker user (20.58 trips per user) and multiplied with the trip frequency of the business trip 
user (6.12 trip per user) to give a normalized cost of approximately R173 per business trip user 
per month. The average cost for the different travel reasons is shown in Table 33 after the 
normalization process has been followed.  
Table 33: Normalized costs per month for each travel mode per travel reason per user 
Travel Reason Bus Ride-Hailing Taxi Train 
Business Trips R 173 R 262 R 187 R 139 
Social Trips R 56 R 79 R 56 R 56 
Social Trips Nights R 28 R 40 R 28 R 28 
Student R 457 R 604 R 422 R 557 
Worker R 580 R 881 R 628 R 467 
The costs to the user can now be calculated by using the number of users of the different types 
of transport modes from Table 30 and Table 31 and the average cost per travel mode for each 
travel reason from Table 33. Assumptions are also needed to know how the costs of a trip are 
split between the different number of transfers. It is assumed that the costs of the main mode 
of transport will stay as-is. The costs of the first transfer travel mode will be a third of the 
original cost per user, and the cost of the second transfer will be a sixth of the original cost per 
user. 
An example of the process is shown below for business trip users and the bus mode of transport 
in Table 34. The number of users for the different transfer modes are obtained from Table 30 
and Table 31. The adjusted cost to the user is obtained by multiplying the cost to the user factor 
with the normalized cost for business trips users that use the bus as a mode of transport from 
Table 33, which was R173. The adjusted cost to the user is the multiplied to give the estimated 
revenue. 
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Table 34: Revenue calculation for business trip users that use the bus 
Transfer Mode Number of 
Users 
Cost to the 
User Factor 
Adjusted Cost 
to the User 
Estimated 
Revenue 
Main Mode 5,054 1 R 173 R 872,045 
First Transfer 2,115 1/3 R 58 R 121,614 
Second Transfer 288 1/6 R 29 R 8,294 
Total    R 1,001,953 
The potential revenue for each travel reason and the main mode of transport each transport type 
is shown in Figure 11. It can be seen that the worker’s reason will contribute the most towards 
the potential revenue. This is because of the relatively high userbase and high trip frequency. 
The taxi could also contribute most of the potential revenue since it has the highest potential 
users. Overall, MaaS has a potential revenue of approximately R475 million per month 
assuming the user uses the service for both going to the destination and to return to the origin. 
 
Figure 11: Cost to user for different modes of transport per travel reason 
4.4.5 Evaluate user penetration for each travel demand reason 
The user penetration can be determined by evaluating the penetration for the specific travel 
reason. The penetration rate for travel reasons is the same as the trip penetration for the different 
travel reason as shown in Table 28. This is due to the assumption that all users of a specific 
travel reason have the same trip frequency information.  
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The users calculated in Table 30 does not represent the number of unique users. This is due to 
the number of business users being a subset of the worker user as previously mentioned. It can 
also assume that some of the workers and student users will also use MaaS for social night 
trips. Figure 7.2 from the NHTS indicated that 41.9% of persons age 15 years or older 
undertook night trips. This percentage can also be used to indicate how many of the social trip 
night users are students and how many of the worker users undertook social night trips as well. 
The following is the adjusted user types: 
a) Workers and social night trips, 
b) Workers and no social night trip, 
c) Students and social night trips, 
d) Students and no social night trip, and 
e) Only social night trip users. 
These five group can be used to indicate the number of unique MaaS users. This is because a 
MaaS user can only fit into one of the specified groups. From Table 30, a total of 623,927 
workers were identified. 41.9% of the 623,927 will have social night trips (261,425) while the 
rest will not have social night trips (362,502). Table 30 also identified a total of 77,241 students, 
of which also 41.9% have social night trips. This evaluated to a total of 32,364 students who 
will have social night trips and 44,877 students who will not have social night trips. However, 
Table 30 indicated that 718,628 users will use the service for social night trips, which indicates 
that 17,459 non-workers and non-student users will use the service for their social night trips. 
The number of users for these groups is shown below in Table 35. 
Table 35: Number of unique MaaS users 
Adjusted User Type Number of Users 
Workers and Social Night Trips 261,425 
Workers and no social night trips 362,502 
Students and social night trips 32,364 
Students and no social night trips 44,877 
Only social night trips 17,459 
Total 718,628 
A total of 718,628 unique MaaS users were identified out of the 13,399,724 people in Gauteng. 
This translated to an overall user penetration of 5.36% based on the perspective of the travel 
mode.  
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4.5 Discussion of findings 
The evaluation of the potential userbase for different MaaS configuration was evaluated from 
two perspective. The first perspective was to evaluate MaaS from the perspective of the general 
population and the second perspective was to evaluate MaaS from the perspective of the travel 
modes. The findings are discussed using the same reporting points as discussed in Section 3.5. 
4.5.1  Number of trips 
The number of trips for each trip configuration and travel reason as determined in Section 
4.4.4.1. Table 28 indicated the number of trips for each travel reason but also indicated the 
penetration rate of the overall trips. Social Night trips had the highest penetration of overall 
trips for the specific travel reason. The penetration rate of 17.81% indicated that users will most 
likely use MaaS for their social trips at night. This indicates that users use mobility services 
when going out in the evening for safety [11], [27], [31], [20]. Table 28 also indicated that the 
worker reason for travel had the most trips after adjustment, 12,837,926 trips out of the 
15,024,514 possible MaaS trips from Table 27 for all the travel reasons. This means that the 
worker travel reason is contributing to approximately 85% of all possible MaaS trips even with 
only a penetration rate of 12% of the total trips for the whole population. This is due to the 
relatively high base number of users and the high trip frequency. This is also an indication that 
potential MaaS operators should try to have the required infrastructure and services to include 
the working group as a key userbase. The total number of possible MaaS trips per month was 
calculated to be 15,024,514 from Table 27 out of the possible 135,808,716 trips for the whole 
population from Figure 9. This indicated a total trip penetration of approximately 11.06 %. It 
is also important to note that the trips generated are only for one-way travel, this implied that 
the potential number of trips per month can be multiplied by two if each person uses the same 
trip method to return. The multiplication only affects the number of trips, which are multiplied 
with two. The number of users and trip penetration rates, however, stay the same since the base 
numbers are also multiplied. 
4.5.2 Number of users 
The total number of users per travel reason is shown in Table 30. Social night trip users had 
the highest number of users, this is due to the high base number of users. It is important to note 
that workers and student users can also use the service for their social trips at night. It is also 
assumed that the business trip users are a subset of the worker user. The total number of users 
of 1,450,584 calculated at this step, is therefore not the number of unique users. The number 
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of unique users was calculated in Section 4.4.5 in Table 35 by combining the different types of 
users where applicable. The number of unique users was calculated to be 718,628. This is close 
to the potential userbase of 535,989 potential MaaS users calculated by evaluating MaaS from 
the perspective of the population in Section 4.3.2. 
4.5.3 Potential Revenue 
The potential revenue is based on the cost to the user which is calculated using the number of 
users per travel mode and the average monthly spend per travel mode for each user. The cost 
to the user can indicate the potential income a potential MaaS operation can receive from the 
users per month. The total cost to the user for the different travel reasons is shown in Figure 
11. The majority of the potential revenue is from the worker trips since workers have the most 
trips. 
4.5.4 Percentage penetration of Gauteng population 
The percentage that the potential userbase of MaaS can penetrate the Gauteng population is 
based on the number of potential MaaS users. The number of users calculated by using the 
different perspectives is 535,989 from Section 4.3.2 and 718,628 from Section 4.4.5 in Table 
35, respectively. The base population size was shown in Table 11 to be 13,399,724. This 
equated to a penetration rate of approximately 4% based on the socio-demographic 
characteristics of a potential MaaS user and 5.36 % based on the travel mode characteristics of 
a potential MaaS user. The potential userbase for different MaaS configurations will, therefore, 
be between 4 – 5.36% of the general population. This value can be considered to be a 
conservative value considering the assumptions made during the analysis of the secondary data. 
4.5.5 Other findings 
During the analysis and results, other findings were also identified that could be used to 
improve the analysis. The first finding was regarding the viability analysis. The viability 
analysis only considered the travel mode characteristics identified from the global MaaS user 
to evaluate the different trip configurations. It can be expected that several other factors such 
as safety and infrastructure could also be included. Features such as the safety from accidents, 
the roadworthiness of the taxis, the behavior of the driver and the facilities at taxi-ranks were 
identified from Table 9.14 in the NHTS from which more than 50% of the users were 
dissatisfied with. This is an indication that the infrastructure and the driving behavior of the 
taxi-industry could make users less likely to use the service and may even make the service not 
viable at all.  
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The exclusion of social trips also reduces the number of trips and potential userbase. Based on 
the typical global MaaS user, social trips are excluded, however, in a developing country, it 
can be assumed that users will also use MaaS for their social trips similar to how they use it for 
the social night trips. 
4.6 Conclusion 
This chapter contained the results and analysis of evaluating the potential userbase of different 
MaaS configuration based on socio-demographic factors. The analysis used the characteristics 
of a typical MaaS user from literature and applied it to secondary sources for evaluating the 
potential userbase. The characteristics were evaluated based on two different perspectives. The 
first perspective used the socio-demographic factors to evaluate the potential userbase of MaaS 
by using the socio-demographic factors of a typical MaaS user. The second perspective 
evaluated the potential userbase of MaaS by using the travel mode factors of a typical MaaS 
user. The potential userbase was analyzed in terms of the number of users, number of trips, 
costs to the user and user penetration. This provided a broad overview of the potential userbase 
of a typical global MaaS user. 
This research has evaluated the potential userbase of different MaaS configurations in a 
developing country based on the characteristics of a typical MaaS user. Further research is 
needed to characterize the characteristics of a potential MaaS user of a developing country. 
This would allow for a comparison between the characteristics to determine if the 
characteristics are the same. 
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Chapter 5 Conclusion 
5.1 Introduction 
This section will conclude the research project by highlighting some key findings that were 
found during the evaluation of the potential userbase for MaaS in a developing country. The 
challenges faced during research is also discussed while the different options for future research 
are explored. This section concludes by providing a conclusion on the potential MaaS userbase 
for the specific MaaS configurations that are available based on several socio-demographic 
factors. 
The main problem the research addressed was the following: Understanding the potential user 
base for MaaS using the possible MaaS configurations that are available in a developing 
country.  
The research sought to understand the potential userbase for MaaS using the possible MaaS 
configurations that are available in a developing country. This was accomplished by addressing 
and evaluating two research questions: 
RQ1: What are the characteristics that describe a potential global MaaS user? 
RQ2: What are the possible trip configurations of MaaS in a developing country? 
5.2 Research Results 
The available literature on MaaS, the characteristics of a typical MaaS user and the transport 
landscape of Gauteng were reviewed. This was done to evaluate the potential userbase for 
different MaaS configurations in a developing country based on socio-demographic factors. 
The information obtained from literature was applied to two secondary sources, the NHTS and 
the CS, to evaluate the characteristics of a typical MaaS user on the Gauteng population as well 
as evaluating the potential trip configurations for MaaS in Gauteng.  
5.2.1 Characteristics of a potential global MaaS user 
The characteristics of a typical global MaaS user were identified from literature and are 
summarized in Table 6. Secondary sources such as the NHTS and the CS were used to quantify 
the characteristics and the quantified characteristics are shown in Table 10.  Table 10 gave 
quantified values for different factors for a potential global MaaS, however, several factors 
were related to the travel mode and other factors were more related to the population 
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characteristics. The potential userbase of MaaS was therefore evaluated from two different 
perspectives. These perspectives were: 
1) Evaluate MaaS from the population perspective, and 
2) Evaluate MaaS from the travel mode perspective. 
5.2.1.1 Evaluate MaaS from the population perspective 
The characteristics of the typical global MaaS user that are related to the population perspective 
are the socio-demographic factors, attitudes and perceptions, and environmental 
considerations. The typical MaaS user could be described as the following: 
1) A young person, typically between the ages of 21-35. In Gauteng, this represents 44% 
of the population. 
2) MaaS is also used by both genders equally which means that the whole Gauteng 
population falls within this group. 
3) A person within a high-income household. In Gauteng, this equated to the top two 
quartiles Q4 and Q5 of which 60% of the population fall in. 
4)  MaaS is also used by a person who has a higher level of education of which 
approximately 28% of the Gauteng population have. 
5) MaaS is also used by a person who is full-time employed, however, no information was 
available from the secondary sources to classify the level of employment. 
6) A typical MaaS user also lives in a household with a small number of household 
members, typically between 1 – 3. In Gauteng, this is 67% of the households. 
7) A typical MaaS user is also technology-driven and therefore needs access to a 
cellphone. In Gauteng, 95.5 % of the households have access to a cellphone. 
8) Lastly, a typical MaaS also lives in a metro area of which 84% of the Gauteng 
population falls in. 
5.2.1.2 Evaluate MaaS from the travel mode perspective 
The characteristics of the typical global MaaS user that are related to the travel mode 
perspective are the travel demand factors, the travel mode factors and the attitudes and 
perception regarding the specific travel mode. The typical MaaS user had the following 
characteristics in terms of the travel mode perspective: 
1) A typical MaaS user will use the service to go to work, for business trips and for going 
out in the evening. In Gauteng, these are represented by different reasons for travel i.e. 
a. Worker, 
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b. Business Trips, 
c. Students, and 
d. Social Night trips. 
2) A typical MaaS user also has a high monthly trip cost, since lower-income households 
are affected by trip cost. A minimum monthly trip costs of R 200 is used. The different 
reasons for travel also had a different monthly spend for each travel mode. 
3) The typical MaaS user also values service quality which is measured with the 
availability, travel time, and the overall perception of the service. These measures are 
important for evaluating the viability of the different travel modes for each of the travel 
reasons. 
The perspective of the travel mode is used to evaluate the different trip configurations for MaaS 
in Gauteng. The different trip configurations are evaluated in terms of the number of trips, 
number of users, the potential revenue and the percentage user penetration. 
5.2.2 Possible trip configurations of MaaS in Gauteng 
The possible trip configuration was identified based on the four main modes of transport from 
Table 8 which were trains, taxi, ride-hailing, and busses. A total of 26 trip configurations were 
identified and were shown in Table 17. The possible trip configurations were identified during 
evaluating MaaS from the travel mode perspective.  
5.2.2.1 Evaluate MaaS from the travel mode perspective 
The process of evaluating MaaS from the travel mode perspective consisted out of evaluating 
the possible trip configuration in four steps. These four steps are: 
1) Generating the possible trips for each configuration, 
2) Evaluating the viability of each travel mode, 
3) Evaluate the possible number of users, and 
4) Evaluate the penetration rate for Gauteng. 
The number of trips for each possible configuration was evaluated for the whole population 
based on the travel information for the specific travel reason. The number of trips for each 
travel reason is shown in Table 20. The total potential MaaS trips were approximately 58 
million trips per month of which approximately 40 million of these trips comes from the worker 
travel reason. However, these numbers did not account for the impact of the characteristics of 
the potential global MaaS user. 
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The characteristics of the potential MaaS user were used to evaluate the viability of the different 
configurations based on the main mode of travel and the travel reason. The criteria for the 
evaluation was the characteristics identified from the evaluating MaaS from the travel mode 
perspective. The viability of each main mode of travel and travel reason is indicated in Table 
26. The results indicated that overall Ride-hailing had the best viability percentage across all 
the different travel modes. Train services had the lowest with the bus the second-lowest. It is 
however surprising that taxis have the second-best viability across the different travel modes. 
This could be because other factors such as infrastructure quality, safety and driver behavior 
perception were not considered to be characteristics that are of importance for a typical global 
MaaS user. The student also has a better perception of the different travel modes as workers. 
To evaluate the number of potential users, the viability information first needs to be applied to 
re-evaluate the number of trips. Using the trip viability information along with the trip 
frequency information and the travel information for the specific travel reason and mode, the 
number of trips for each trip configuration is determined and shown in Table 27. The trips are 
summarized in Table 28.  
Social night trips had the highest penetration rate of trips of the general population, which is 
17.8%. This indicated that MaaS does have the potential to fulfill the need of the users for their 
social night trips and MaaS will generally be used social night trips. Even though social night 
trips had the highest penetration rate, the number of trips for social nights is determined to be 
718,628, which is much lower than that of the trips for the worker which are 12,837,929. The 
workers had a potential penetration rate of 12.14% and contribute to approximately 85% of the 
total MaaS trips. This indicates that MaaS needs to be able to cater for the worker users to 
increase the penetration and the number of users overall as well as decrease congestion. Maas 
operators must therefore not only focus on providing the service for social night trip users. The 
total users are shown in Table 30. It can be seen that taxis from having the potential to have a 
lot of users, and a lot of trips. This indicated that MaaS can benefit in developing countries by 
including taxis as a viable transport mode, however the challenges and possibility of including 
taxi must be considered and further investigated due to potential service-and safety-related 
issues. The total estimated revenue from MaaS is estimated to be around R475 million per 
month, which mainly depends on the users who use the service for work-related purposes and 
the use of taxis as a transport mode.  
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5.2.3 Potential userbase for different MaaS configurations in a developing country 
The potential userbase for different MaaS configurations were evaluated from different 
perspectives for Gauteng. The evaluation from the population perspective gave an estimated 
penetration rate of approximately 4% while the evaluation from the travel mode perspective 
gave a penetration rate of approximately 5.36%. This indicated that the potential userbase of 
MaaS can be between 4 – 5.36% of the population. 
The users will most likely be younger, with an above-average income and a higher level of 
education. The users will most likely use the service for social night trips, however, most of 
the trips and revenue can come from the users who use the service for travelling to and from 
work. The users will also be more willing to use ride-hailing services than the other transport 
modes, however, the taxi industry also plays a role in the potential userbase as it can be 
responsible for most of the trips. The more users who are willing to replace their private cars 
with MaaS will reduce congestion and pollution.  
From this, it can be seen that there is a potential for MaaS in a developing country. However, 
the MaaS operators need to understand that workers are responsible for the majority of the trips 
and therefore congestion and pollution. MaaS will have little impact on congestion if it only 
caters to social night trips, for students or business trips in developing countries. The use of 
taxi as a viable transport mode could also be crucial for the potential userbase of MaaS. 
5.3 Validating Findings 
The possible penetration rate for the potential userbase of MaaS in Gauteng was determined to 
be between 4 – 5.36 %. This range can be considered to be conservative due to the assumptions 
made and is therefore an under-estimation. The potential MaaS users or subscribers from 
previous studies indicated penetration rates of 25% for the corporate MaaS system, 47% for 
the stated choice survey in Sydney, 37% in the Greater London Area, 66.2% of the Kutsuplus 
pilot as stated in Section 2.2.3.2.  These figures can be considered to be inflated due to the 
method used to select participants as well as the under and over representation when compared 
to the population. The  Kutsuplus pilot  can be considered to be extremely inflated as the survey 
was aimed for to target existing users. It is also important to note that these values were 
obtained from MaaS operations in developed countries. When considering that the penetration 
rate obtained was conservative, and that the rates obtained for the developed countries are 
inflated, and that the penetration rate for developing countries should be lower that for 
developed countries, the conservative estimate of 4 – 5.36% seems to be validated. 
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5.4 Challenges Faced 
During this research, several challenged were discovered that should be considered and 
addressed for future research that will build on this research or are similar. The use of secondary 
data sources provided valuable insights into the problem and the information was easily 
obtainable. However, once the analysis process started, the compiled data format of the 
secondary data sources led to a series of assumptions that were made regarding the relationship 
between the variables. These assumptions would not be required if access to the raw data is 
available and the correlation between the different variables could be analyzed.  
The method of interpreting the compiled data from the secondary sources also provided a 
challenge due to the data not being related to each other. It was therefore assumed that the data 
are linearly applied to each other, however, other methods such as a weighted system might 
give a better representation of the different factors.  
The lack of data on the travel information of several mobility providers also led to various 
assumptions regarding the reasons for travel and other travel information for ride-hailing 
services. Ideally, travel information such as trip frequency, service quality measures and the 
specific user characteristics of several different mobility operators could provide a better 
indication of several possible trips. The use of inconsistent band sizes for the different travel 
reasons within the same secondary data sources, also led to several assumption being made. 
The lack of data on the employment level also led to this factor being excluded from the 
analysis.  
5.5 Future Studies 
During the research, several questions and challenges presented themselves that could be used 
for further research. These questions and challenges could improve the understanding of MaaS 
in developing countries. The first challenge is to characterize the characteristics of a typical 
MaaS user in a developing country. This would allow for a comparison between the 
characteristics of the global MaaS user and the ones in developing countries. This goes along 
with identifying the challenges with the available infrastructure in developing countries and 
how to best utilize it. The role of the minibus taxi in MaaS should also be investigated to 
evaluate if it is a viable transport mode and what changes are needed to make it viable. This 
could be done by looking into the reason for dissatisfaction, the business model and the 
willingness to integrate. The investigation of the potential userbase of MaaS could also be done 
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but with travel information from potential MaaS operators. This would allow for a more 
accurate estimate of the number of trips and users. The framework for MaaS in developing 
countries could also be investigated, to determine what level of integration is most suitable for 
the specific country.   
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Appendix 
Table A. 1: Link to basic population numbers 
Population information Link to Secondary Data Source 
Population size Table 2.1: Population 
distribution by province, 
Census 2011 & CS 2016 
CS 
Number of households Table 8.1: Number of 
households and average 
household size by 
municipality 
CS 
Table A. 2, Table A. 3 and Table A. 4 below shows the links to the secondary source used for 
populating the information for the characteristics of a typical MaaS user. Table A. 2 shows the 
links for the general population, Table A. 3 shows the links for the users of the different travel 
reasons and Table A. 4 shows the links to the travel information for the different travel reasons. 
The tables and figures in the link to secondary data column is where the value for Gauteng can 
be retrieved. 
Table A. 2: User-characteristics link to secondary data 
Main 
Factor 
Attribute Measure Link to Secondary Data Source 
Travel 
Mode 
Reliability Reliability 
Perception 
Table 9.7: Most important 
transport-related problems 
experienced by households, 
by district municipality 
NHTS 
Availability Table 9.7: Most important 
transport-related problems 
experienced by households, 
by district municipality 
NHTS 
Timeliness Waiting Time - 
Students 
Table 4.10: Time spent 
waiting for the first transport 
to arrive on weekdays by 
district municipality 
NHTS 
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Wating Time - 
Workers 
Table 5.13: Waiting time for 
first public transport (train, 
bus and taxi) by district 
municipality 
NHTS 
Travel Time  Table 4.12: Total time 
travelled to the educational 
institution by main mode of 
transport and district 
municipality 
NHTS 
Travel Time  Table 5.17: Total time 
travelled to place of work by 
main mode and district 
municipality 
Main 
NHTS 
Travel Time  Table 9.5: Household travel 
time to services and facilities 
NHTS 
Cost 
Monthly cost Table 4.13: Monthly cost of 
transport by main mode and 
district municipality 
NHTS 
Monthly cost Table 5.18: Average 
monthly cost of transport by 
main mode and district 
municipality 
Main 
NHTS 
Quality  Availability Table 9.7: Most important 
transport-related problems 
experienced by households, 
by district municipality 
NHTS 
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Travel Time 4.9; 4.10;4.11; Table 4.12: 
Total time travelled to the 
educational institution by 
main mode of transport and 
district municipality 
Mode 
NHTS 
Travel Time – 
Walking to 
Table 5.12: Walking time to 
the first public transport by 
mode travel 
Table 4.9: Time taken to 
walk to get to the first 
transport by district 
municipality 
District 
NHTS 
Travel Time - 
Waiting 
Table 5.13: Waiting time for 
first public transport (train, 
bus and taxi) by district 
municipality 
Table 4.10: Time spent 
waiting for the first transport 
to arrive on weekdays by 
district municipality 
District 
NHTS 
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Travel Time – 
Walking from 
Table 5.15: Walking time at 
the end of the work trip using 
public transport (train, bus 
and taxi) by district 
municipality 
Table 4.11: Time it takes to 
walk to the educational 
institution after getting off 
the transport used on 
weekdays, by district 
municipality 
NHTS 
 
Not Service-
Related issues 
for non-use 
Table 9.11: Overview of 
household use of public 
transport during the month 
preceding the survey by 
district municipality 
NHTS 
Convenience Travel Time Table 5.15: Walking time at 
the end of the work trip using 
public transport (train, bus 
and taxi) by district 
municipality 
NHTS 
Travel Time Table 4.9: Time taken to 
walk to get to the first 
transport by district 
municipality 
NHTS 
Travel Time Table 5.11: Workers by 
district municipality and 
walking time to the first 
public transport 
NHTS 
Travel Time Table 5.12: Walking time to 
the first public transport by 
mode travel 
Mode 
NHTS 
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  Age Age 
Distribution 
Table A.3: Population share 
by district, municipality and 
five-year age groups, CS 
2016 
CS 
S
o
ci
o
-D
em
o
g
ra
p
h
ic
 
Income Household 
Income 
Table 5.1: Workers’ 
disability status, geographic 
location and household 
income quintiles by district 
municipality 
NHTS 
Gender Male or Female Table A.1: Population 
distribution by sex, districts 
and municipality, Census 
2011 & CS 2016 
CS 
Education Level Highest level of 
Education 
Table 6.2: Highest level of 
education for population 
aged 20 years and older, CS 
2016 
CS 
Highest level of 
Education 
Table A.8: Distribution of 
persons aged 5-24 years 
attending at an educational 
institution by type of 
educational institution, CS 
2016 
CS 
Highest level of 
Education 
Table 4.1: Type of 
educational institution 
attended, geographic 
location and household 
income quintiles by district 
municipality 
Indicator 
NHTS 
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Employment 
Status 
  Table 5.1: Workers’ 
disability status, geographic 
location and household 
income quintiles by district 
municipality 
NHTS 
Car Ownership Car Ownership Table 9.4: Households who 
own and use at least one type 
of vehicle by district 
municipality 
District 
NHTS 
Number of people 
in households 
Household Size Table 8.1: Number of 
households and average 
household size by 
municipality 
CS 
Household Size 
Distribution 
Table 8.2: Distribution of 
households by number of 
household members in the 
household and municipality 
CS 
Neighbourhood 
type 
Densely 
populated  
Table 9.1: Dwelling type of 
household, by district 
municipality 
NHTS 
Urbanized setting Metro/ Urban 
Areas 
Table 8.6: Distribution of 
households by type of main 
dwelling and municipalities 
Formal 
CS 
    Table 9.1: Dwelling type of 
household, by district 
municipality 
NHTS 
S
u
b
je
ct
iv
e 
a
tt
it
u
d
es
 
a
n
d
 
p
er
ce
p
ti
o
n
s 
Technology 
adaption 
Access to 
internet 
Table 8.19: Distribution of 
households by access to 
internet services and sex of 
head of household, CS 2016 
CS 
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 Access to 
phone 
Figure 8.3: Ownership of 
selected household goods 
CS 
Neighborhood 
type 
Dense 
populated  
Table 9.1: Dwelling type of 
household, by district 
municipality 
NHTS 
Urbanized setting Metro/ Urban 
Areas 
Table 8.6: Distribution of 
households by type of main 
dwelling and municipalities 
Formal 
CS 
 
Table A. 3: Link to Travel Reason User Information 
Travel Reason Link to Secondary Data Source 
Worker 
Table 5.1: Workers’ disability 
status, geographic location 
and household income 
quintiles by district 
municipality 
NHTS 
Students 
Table 4.1: Type of educational 
institution attended, 
geographic location and 
household income quintiles by 
district municipality 
NHTS 
Business Trip Users 
Figure 6.1: Percentage of 
workers 15 years and older 
who took business trips by 
district municipality 
NHTS 
Social Trip Users 
Table 7.1: Day trip/s taken 
away from usual home/place 
of residence in the 12 months 
prior to the interview 
NHTS 
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Social Night Trip Users 
Table 7.4: Overnight trips 
taken away from usual 
home/residence in the 12 
months prior to the interview 
by district municipality 
NHTS 
 
Table A. 4: Link to travel reason travel information 
Travel Reason Variable Link to Secondary Data Source 
Worker Mode share Table 5.3: Workers’ disability 
status, geographic location, 
household income quintile and 
district municipality by main mode 
NHTS 
Worker Multi-mode 
distribution 
Table 5.8: Number of transfers made 
by public transport users  
NHTS 
Student Mode share Table 4.5: Main mode of transport 
used to travel to educational 
institutions (all learners) by district 
municipality 
NHTS 
Business Trips Mode Share Table 6.3: Main mode of travel used 
for business trip, by district 
municipality 
NHTS 
Social Trips Mode Share Table 7.3: Persons who undertook 
day trips by main mode of travel and 
district municipality 
NHTS 
Social Night 
Trips 
Mode Share Table 7.5: Percentage of persons 
who undertook overnight trips by 
main purpose of the trip and district 
municipality 
NHTS 
 
Table A. 5: Link to secondary data for trip frequency information 
Type of User Link to secondary data Source 
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Work Trip Table 5.2: Number of days 
travelled to place of work per 
week by district municipality 
NHTS 
Students Table 4.4: Number of days per 
week travelled to educational 
institution by district 
municipality 
NHTS 
Business Trip 
Users 
Table 6.2: Workers who 
undertook business trips 
during the calendar month 
prior to the interview by 
district municipality 
NHTS 
 
Table A. 6: Splitting multiplier for each trip configuration 
# Trip Configuration splitting_multiplier value Number of 
Transfers 
1 Bus 78.20% 0 
2 Bus-Ride-Hailing 6.43% 1 
3 Bus-Ride-Hailing-Train 0.62% 2 
4 Bus-Taxi 6.43% 1 
5 Bus-Taxi-Train 0.62% 2 
6 Bus-Train 6.43% 1 
7 Bus-Train-Ride-Hailing 0.62% 2 
8 Bus-Train-Taxi 0.62% 2 
9 Ride-Hailing 84.30% 0 
10 Ride-Hailing-Bus 6.80% 1 
11 Ride-Hailing-Bus-Train 1.05% 2 
12 Ride-Hailing-Train 6.80% 1 
13 Ride-Hailing-Train-Bus 1.05% 2 
14 Taxi 84.30% 0 
15 Taxi-Bus 6.80% 1 
16 Taxi-Bus-Train 1.05% 2 
  Appendix 
Page 100 
 
17 Taxi-Train 6.80% 1 
18 Taxi-Train-Bus 1.05% 2 
19 Train 54.20% 0 
20 Train-Bus 13.50% 1 
21 Train-Bus-Ride-Hailing 1.33% 2 
22 Train-Bus-Taxi 1.33% 2 
23 Train-Ride-Hailing 13.50% 1 
24 Train-Ride-Hailing-Bus 1.33% 2 
25 Train-Taxi 13.50% 1 
26 Train-Taxi-Bus 1.33% 2 
 
